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ABSTRACT

Genetic and economic investigations were made on productive
traits of Holstein and Jersey cows in the Louisiana State University
dairy herd during the period of 1955-1969.

Three distinct feeding

regimes have been apparent in the herd during this period which were:
I)
II)

a pasture-oriented and limited grain feeding program (1955-1959);
a modified drylot and a limited grain feeding system (1959-1963);

and III)

a modified drylot and challenge grain feeding program (1963-

1969) .
Four per cent fat-corrected-milk yield for 17 Holsteins which
were on Regimes I, II, and III was 9,232,

12,592, and 14,508 pounds

(P < 0.01), respectively; and for the 7 Jerseys averaged 7,729, 10,254,
and 10,807 pounds (P < 0.01), respectively.

A total of 59 Holstein

cows averaged 9,710 and 12,216 pounds (P < 0.01)

in Regimes I and II

and 18 Jerseys averaged 7,851 and 9,911 pounds (P < 0.01)
respective regimes.

for the

Averages for 67 Holstein cows were 12,774 and

14,062 pounds (P < 0.01)

in Regimes II and III and 15 Jerseys averaged

9,991 and 10,421 pounds (P < 0.05), respectively.
No significant cow-regime interaction was obtained in all re
gime combinations for milk yield, milk fat, and FCM of the Holsteins
and Jerseys with one exception being Jersey milk yield (P < 0.05)
Regimes II and III.

Under conditions of this study,

in

the cows gener

ally tended to rank themselves in the same order for milk yield, milk
fat, and FCM production in the various regime combinations.
x

Cow-year averages for FCM production,

ration components, and

income over feed cost were determined from the records of 147, 156, and
257 Holstein cows and 42, 44, and 67 Jersey cows for Regimes I, II, and
III, respectively.

Mean FCM yields by feeding regimes were 7,596,

9,785, and 10,768 pounds (P < 0.01)
and 7,567 pounds (P < 0.01)
respectively.

for the Holsteins and 6,075, 8,185,

for the Jerseys on Regimes I, II, and III,

Grain cost for Regimes I, II, and III was $64.39, $91.15,

and $116.97 for the Holsteins and $54.16, $81.31, and $85.72 for the
Jerseys,

respectively, with regime differences being highly significant

(P < 0.01)

for both breeds.

Pasture cost was $45.13, $36.61, and $11,79

for the Holsteins and $46.88, $37.18, and $12.74 for the Jersey cows
for Regimes I, II, and III, respectively, and showed highly significant
(P < 0.01) differences.
and $240.56 (P < 0.01)
$207.21 (P <

0.01)

Total feed cost by regimes was $159.75, $249.07,
for the Holsteins and $150.21, $242.41, and

for the Jerseys.

highly significant (P <

0.01)

Linear and quadratic effects were

for total feed cost of both breeds.

Income over feed cost was $378.80, $444.69, and $522.89
(P < 0.01)

for the Holstein cows on Regimes I, II, and III, respec

tively, and $280.51, $337.91, and $329.43 (P < 0.05)
Linear effects were highly significant (P <

0.01)

for the Jerseys.

for both breeds while

quadratic effects were not significant for Holsteins and significant
(P < 0.05)

for the Jerseys.

It was concluded
ha d

that the H o l s t e i n and Jersey cows

the genetic potential

for m i l k p ro duction

xi

to respond

in this study
to increased

levels of energy input with increased economic gains.

However,

the

Jersey cows did not respond from increased levels of energy input
after Regime II which indicates that they had already reached their
genetic potential for milk production.

xii

I.

INTRODUCTION

The producing ability of a cow probably should be considered as
constant throughout the life of the cow.

A given ability would pro

duce a constant performance under a specified set of conditions.

Abil

ities, however, do not function in a vacuum, and conditions cannot be
controlled or specified perfectly.

Each cow has a set of genes d i f 

fering from those of any other cow.
The possibility of interactions between the ability of the cow
and the environment under which she operates cannot be ignored.

These

occur when the ability of Cow A causes her to produce more than Cow B
under one set of circumstances; but when the circumstances are changed,
the ability of Cow B becomes superior to that of Cow A.

The extent

and magnitude of these ability-environmental interactions are some
what vague.

Adequate evidence in this matter has been difficult to

obtain and requires time in appearing.
What little evidence there is, seems to indicate that these
interactions in general are small under the common range of condi
tions and abilities which have been studied.

Hie studies of herd-

sire interaction have usually shown that the herd-sire interaction
is negligible (87, 99).

The work with hay-grain substitution and

feeding level at Iowa turned up no important interactions (17). Stud
ies on monozygous twins in Sweden gave a hint of heredity-environ
mental interaction, but similar work in New Zealand showed negligible
interaction (19, 59).
1

2
It should be noted, however,

that the technique of comparing

sire progenies in different locations and/or environments is a less
sensitive test of the interaction between heredity and environment
than that of using the same genotypes.

Sires used in such studies

have usually represented random variation within breeds rather than
distinct genotypic groups.

Genotypic differences among sire prog

enies at each location are only one-half those of the sires them
selves .
An ideal way of studying the genetic effect of feeding regimes
in cattle would be with the use of isogenic lines.

This has been

done with laboratory animals but, so far, not for farm animals.

The

most practical approach for cattle would be to subject the same ani
mal (genotype)

to a series of feeding regimes.

Differences could

then be largely attributed to feeding and not to heredity.
The need exists for determining if genotype-feeding regime
interactions are important in ranking cows based on the summary of
their performance in the respective feeding regimes.

A large number

of dairy cattle are imported from the northern regions of the United
States for herd replacements in the southern regions.

They are eval

uated largely on the basis of their performance in the North.
fore,

There

the need for specific genotypes for a particular region is of

practical concern for the success of such programs.
Dairy farmers have a choice of several systems of feeding and
the only logical choice is the one that will maximize income over
teed costs.

Dairymen must make sure through proper selection and

3
breeding programs that their herds have the genetic potential for
high levels of production.

The responsibility of the dairyman is to

feed and manage these cattle in such a way as to allow them to ex
press their genetic potential, and in turn, result in a greater in
come over feed costs.

On the other hand, many dairy cattle may have

the genetic potential to produce more milk than they are now pro
ducing, but these animals are not consuming enough energy.

There

fore, a ceiling has been placed on their performance.
The magnitude of income over feed cost is perhaps the most im
portant ingredient of a successful dairy enterprise.

Cost of feed

is by far the largest single item of expense in producing milk.

It

is generally agreed that 50 per cent or more of the total cost of
milk production is accounted for by feed (13, 108).

In spite of

this fact, relatively little is known about the comparative perform
ance of dairy cows and the cost of producing milk under different
systems of feeding.

Although in recent years levels of grain and

silage feeding have increased while the amount of hay and pasture
provided has decreased, underfeeding is generally considered to be
a major factor contributing to the low level of milk production in
many herds (141).
The Louisiana dairy industry has been plagued by a low level
of milk production when compared to many other states and the national
average.

This low level of performance is viewed by many as the major

problem of Louisiana dairymen.

However, some progress has been made

as indicated by the average annual production of Louisiana cows on
official

tests increasing from 8,268 pounds

to 10,538 pounds during

4
the period of 1963 to 1971 (122).

It is conceivable that this in

creased milk production was greatly the result of improved management
and the use of bulls with proven ability to transmit productive per
formance.
A great deal of research has been conducted and reported con
cerning dairy cattle nutrition (39, 42, 45, 70, 79, 113, 120, 150).
However,

few of these have approached the peculiar climatic conditions

of Louisiana.

Therefore,

it should be of interest to investigate the

productive and economic responses of dairy cows to various feeding
regimes under Louisiana conditions.

This is of major importance to

the dairyman of today since h e is faced with spiraling costs of pro
duction.

Profit, and more specifically income over feed cost, assumes

more significance than ever before.
Therefore,

in view of the lack of information on the signifi

cance of genotype by environmental interaction as estimated by the
same genotypes on various feeding regimes, and the m e a g e m e s s of com
parative economic data regarding productive performance,

this research

was undertaken with the following objectives:
1.

To estimate the magnitude of genotype-environmental inter

action for productive traits when the same genotypes perform under
different feeding regimes.
2.

To ascertain the economics of productive traits under vari

ous feeding regimes.

II.

A.

REVIEW OF LITERATURE

Some Brief Historical Aspects of Animal Breeding

Genetic improvement of cattle was first documented by Robert
Bakewell during the period between 1760 and 1795.

Natural selection

had primarily determined the evolution of cattle prior to that time.
The Colling brothers followed the work of Bakewell through the a p 
plication of his principles of careful selection based on individual
performance, progeny testing, and inbreeding.

The work of the Coll

ing brothers led to the formation of the Shorthorn breed and the
establishment of the first herd book for cattle in 1822 (52).
Many new breeds and herd books were formed during the remainder
of the 19th Century.

Ideals were established for each breed.

Much

of the emphasis was placed on traits of a qualitative nature such as
color markings or type characteristics.

Little emphasis was placed

on the improvement of production or quantitative traits.
Two important developments near the turn of the 20th Century
were responsible for a surge in genetic progress for milk yield on a
scientifically sound basis.

The first of these was the formation of

cow-testing associations in Denmark in 1895 (52).

This was the first

organized program to record the yield of dairy cows and to provide
information on their producing ability.

These organizations spread

throughout Europe and then into the United States.

The first cow-

testing association in the U. S. began in Michigan in 1906 (52).
5

The second development was the rediscovery of Mendel's work
in 1900.

The work of Mendel has been the foundation of modern genetic

knowledge.

Dairy cattle researchers and breeders spent several d e 

cades attempting to explain the inheritance of all traits in terms of
Mendel's principles.

Genetic improvement in traits such as milk

yield saw very little progress until the mid-1930's.

Methodology

evolved at that time to where the compatability between biometry and
genetics was recognized and accepted.
Dairy cattle breeding has made rapid strides since the mid1930's,

largely because of two major developments.

The first was

centered around the discovery in the late 1940's that bull semen
could be frozen and stored indefinitely at very low temperatures (52).
This opened up a new era of genetic investigations that had never been
visualized before.

The second great development was that of high

speed electronic computers which,

through the use of this sophisti

cated equipment, has made possible genetic evaluations on dairy
cattle of a scope and such accuracy that were only dreamed of a few
years ago.
The goal of genetic improvement of dairy cattle should be to
produce the best possible genotype which will operate at top efficiency
in the environment to which it is subjected.
greatest possible profit to the dairyman.

This should bring the

7
B.

Interaction of G eno t y p e and E n vir on me nt

The a bil it y

to evaluate individuals c o r re ct ly is most

for se lecting future parents

in order to attain m a x i m u m improvement.

Both artificial and natural environmental
genetic merit,

important

factors operate

to conceal

thereby con fu si ng the b r e e d e r and h i n d e r i n g his efforts

to select those animals h a v i n g s uperior br ee d i n g values.
in environment can be e li minated or controlled

V ar iations

in m a n y instances,

but

in others only adjustment or correction is capable of plac in g animals
on a comparable basis

(63) .

Many researchers have established that genetic-environmental
interactions occur in a broad sense beyond a reasonable doubt (49, 50,
75,

117, 146).

example,

Roger (82) has stated that in the plant kingdom,

the Loblolly pine of Florida will not

grow

for

in the Rockies,

nor will the stately Ponderosa of the Rockies survive in the flatwoods
soils of Florida.

The restricted range of adaptability of varieties

of the various species of farm crops is well known to everyone in
agriculture.

There are also overwhelming evidences of genotype-en

vironmental interactions in the animal kingdom.

For example, certain

groups of fishes can live in either salt or fresh water while others
can live in fresh water only.

In one species of farm animals,

the

Zebu is adapted primarily to the more tropical climates while the
Scotch Highland is better suited to cold climates and completely u n 
adapted to the tropics (82).
The role of genotype-environmental interactions has long been
recognized in selective breeding of dairy cattle for productive

8
performance.

However,

there is not an abundance of information that

indicates the significance that interactions of this nature play in
producing variations in dairy cattle milk and fat yield (50, 75,

117,

146) .
Bogart (18) has stated that the interaction of genes with the
environment may create the necessity for developing breeding stock
whose selection is determined by the conditions under which the ani
mals are to perform commercially.

He contends that if a breeding pro

gram is developed under one set of conditions, breeding stock from
such a herd may or may not show superior performance under a different
set of conditions.
Hammond (58) is of the opinion that in order to identify the
animals of superior genotypes an environment favorable to the expres
sion of the desired character is necessary.

He further contends that

the favorable environment will allow more rapid progress under selec
tion and that an unfavorable environment tends to limit the response
to selection.

Thus, progress would be more rapid in a good environ

ment than in a poor one.

He reasoned that genetic selection would be

most effective if carried out in a nutritional environment favorable
to the development of the character in question.

Hammond (58) has

suggested that once a trait is developed through selection under en
vironmental conditions which favor its fullest expression,

it can also

be used in other environments provided that other characters required
by that new environment are also present in the animals.

He points

out that the environmental conditions which affect the physiology of
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an animal will lead to the natural selection of those genes which give
rise to characters in harmony with the environment concerned.
The thesis developed by Falconer and Latyszewski (51) was that
performance in a favorable environment is dependent upon a different
genetic basis from performance in a less favorable environment.

They

suggested that when a single trait exhibits a genotype-environmental
interaction under two environments,
separate traits.

it should be considered as two

If different sets of genes are required for perform

ance in different environments as they have inferred,

it may be neces

sary to develop seed stocks specifically for various feeding environ
ments .
Kuhlers et al.

(83) in 1970 estimated the interactions between

genotype and "sex" in carcass traits of swine.

A study was conducted

with 285 pigs from four breeding groups on two feeding regimes with
four "sexes" over a two-year period of time.

The animals were

slaughtered at three stages of development and 14 traits were studied
representing a total of 42 traits.

The results of the study indicated

that the interactions did not appear to be an important source of
variation for the traits studied.
Fowler and Ensminger (53) conducted a long-term swine project
to study whether selection of breeding animals is as effective when
they are fed on a low plane of nutrition as when they are full-fed.

A

total of 1,705 animals contributed to the data through nine generations
and interaction between genotype and plane of nutrition was studied.
A definite genotype-environmental interaction was found to exist.

In
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general,

their results supported the contention that breeding animals

should be selected In the environment under which their progeny are
expected to perform.
Lasley (85) pointed out that the Interaction of a genotype and
environment arises when a certain genotype performs more satisfactorily
in one environment than it does in another.

This means that one en

vironment permits a more complete expression of a genotype than does
another.

Pirchner (112) expressed the genotype-environmental Interac

tion as real differences between genotypes that vary in different
environments in size alone or in size and sign and cause interaction.
Several workers have reported differential response of Zebu
and British cattle to tropical and temperate environments.
(35) and Rollins et al.

(124)

Cartwright

found Brahman and Brahman crossbred cattle

to outgain Herefords in the summer, but not in the cooler months.

Butts

and co-workers (34) have stated that there is little conclusive evi
dence available on the magnitude of possible genotype-environmental
interactions within breeds of beef cattle when maintained in a more
restricted range of environments.

Several studies of sire progenies

reared in different environments have either failed to demonstrate
sire-herd interactions or have yielded inconclusive evidence as to the
genetic basis of observed interactions (29, 44,

111, 153).

Butts and associates (34) used two lines of Hereford cattle in
two environments to investigate genotype-environment interactions.
data were from the U. S. Range Livestock Experiment Station, Miles
City, Montana, and the Brooksville Beef Cattle Research Station,
Brooksville, Florida.

Data were collected each year on all cows

The
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reaching five years of age that year and weaning data were from seven
years, and yearling data were from the first six calf crops.
the first seven years subsequent to the initial transfer,

During

location-

origin interactions were apparent in birth, weaning, and yearling
weights (P < 0.01)

for both sexes.

The authors concluded that their

results should lend support to the presence of genotype-environmental
interactions in beef cattle and that their study was more sensitive
than the technique of comparing sire progenies in different locations
and/or environments.
Dillard et al.

(44) conducted an investigation at research sta

tions in the mountain, piedmont, and coastal plain areas of North
Carolina to gain insight into the role of interactions between heredity
and environment in beef cattle.

Three sires were used annually through

artificial insemination to produce contemporary progeny at each of the
three locations.

One-half of the steer progeny of each sire was full-

fed in drylot from approximately one year of age to slaughter, and the
other half was allowed pasture grazing during the same period.
on 102 progeny of five sires from two years were analyzed.
five items,

including slaughter age and weight,

Data

Twenty-

several carcass meas

urements, and taste panel scores on cooked meat, were studied.
by location effects were highly significant (P < 0.01)

Sire

for separable

lean in the 9-10-11 rib cut and this was the only trait where there
was evidence of a genotype-environmental interaction.

In general,

these workers found little evidence of interaction between sires and
locations or sires and rations.
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Bailey et al.

(8) conducted a study to evaluate the effects of

sire line by nutritional regime interaction on postweaning growth rate,
feed intake, efficiency and body composition in the rat.

Six lines of

rats were maintained under two nutritional regimes for six generations.
Three of the lines received a commercial laboratory diet while the
other three lines were fed a restricted diet.

Mass selection was

practiced for postweaning growth rate in two lines on each diet and
two lines served as controls.

Top-gaining, select-line males produced

in the final generation were mated with control dams on both diets for
evaluation of the effects of sire line by nutritional regime interac
tion on growth rate,
The effects of sire
we a n i n g growth rate,

feed efficiency and body composition of progeny.
line by nutritional regime interaction on p o s t 
feed conv er si on and carcass components we re n e g l i 

gible.

Koger (82) has stated that beyond a reasonable doubt geneticenvironmental interactions occur in a broad sense.

He points out that

management and feeding practices result in dairy cattle being subject
to fewer environmental stresses than beef cattle.

Therefore,

it would

be expected that genotype-environmental interactions would be of greater
importance in beef cattle.

He also points out that these type interac

tions could be of economic significance in dairy cattle and may merit
consideration in dairy cattle breeding until such time that critical
experimental evidence indicates that they are of no importance.
Hancock (59) investigated the effect of genotype-environmental
interaction with 15 pairs of identical cattle twins.

The animals were

13
split among three levels of nutrition:
with 10 animals on each level.
for three lactations.

A high, B medium and C low,

The duration of the experiment was

The animals in Group A were fed concentrates

in addition to the pasture.

Groups B and C were fed on pasture alone.

Pasture area allotted to the three groups were in the proportions of
10:10:6.

Table 1 presents average yield differences between the three

groups.

Table 1.

Milk yield of identical cattle twins
Group
comparisons

Milk
(lb)

Fat

A-B

1350

0.11

B-C

708

0.11

A-C

2058

0.22

(7o)

In spite of the ma rk e d differences b et ween the groups

in yield of milk,

there was no evidence of any important genotype- env ir on me nta l

inter ac 

tions .

The extent of genotype-environmental interactions is difficult
to determine with large animals because of year, season and management
effects,

including the efforts made to control or restrict diseases.

There is not much experimental evidence of genotype-environmental in
teractions for dairy cattle.

Most studies in temperate climates have

not shown important sire-herd interactions.
(142)

For example, Van Vleck

found the genetic correlation between half-sib sets for all pos

sible pairs of four different management levels for both milk and fat

yields was 0.93 to 1.0, indicating that artificial insemination (AI)
sires would have similar rankings regardless of the production level
of the herds in which their progeny were located.
(90)

Lytton and Legates

found high correlations between sets of paternal half-sibs,

where one group was located in the southern U. S. and the other in
the northern states.

Evidence from Louisiana has shown that progeny

of sires proven in the North ranked in the same order in Louisiana
herds as in the more temperate areas (23, 27).

Studies of the rank

ing of sire progeny of U. S. Holstein sires used in Puerto Rico and
Venezuela further confirm that sire by location effects are not im
portant for Holsteins (95).
The progeny of 40 bulls, each having at least 1,000 A.I. daugh
ters, were classified into four groups based upon milk yield level of
herdmates.

Correlations among sire progeny averages at the different

herdmate levels were all very high and indicated that bulls ranked
in about the same order at all levels.

No evidence of a genotype-

environmental interaction was found (166).
Experiments in Tennessee comparing the progeny of Jersey and
Holstein sires,

receiving either an all roughage ration in first lac

tation or roughage plus concentrates, showed that less than 4 per cent
of the variance was associated with the interaction of sire by ration
effects (126).

There were, however, significant differences among

sires in the ability of their offspring to consume roughage.

Experi

ences at Iowa State University with identical twins on high and low
levels of feeding also showed that pair by ration interactions were
negligible for production and growth traits (82).
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A number of investigators (32, 87, 91, 99, 112, 123, 142, 143,
144,

145) have reported the importance of sire by herd interactions

through the use of Dairy Herd Improvement Association (DHIA) records
or similar field data.

One of the major problems of these studies is

that few sire by herd subclasses have been filled.

Most of the re

searchers have found sire by herd variance components small, and ac
counting for 0 to 7 per cent of the total variance.
Lytton and Legates (90) examined the importance of sire by
region interactions in Holstein data representing the northern and
southern regions of the United States.

The first available DHIA

record for 10,548 artificially-sired daughters of 46 Holstein sires
used in both the northern and southern regions were studied.

Each

sire had at least 12 daughter records in each of the two regions.
M i l k production,

fat production, and fat test w e r e examined.

mat es of the sire by region interaction v ar i a n c e for the three
w e r e essentially zero.

The a uthors concluded

Esti
traits

that influences a s s o c i 

ated with a part ic ul ar region should not unduly confuse the ranking
of sires

in the diff er en t regions, w h e n h e r d m a t e co mparisons

from

a r ti fi ci al ly- si re d daughters w e r e used.

Branton and Evans (25) compared the performance of Holstein
cows under two different environments.

The "before" environment was

for cows calving prior to October 1, 1959, and using a conventional
pasture-roughage-grain feeding program.

Cows calving after October 1,

1959, and using a modified drylot feeding program were considered in
the "after" environment.

The data consisted of the 2 X-305-day M.E.
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(mature equivalent)
sires.

lactation milk yield of 58 Holstein cows from 22

A total of 167 records were made in the "before" environment

and 142 records in the "after" environment.
showed highly significant (P < 0 . 0 1 )

An analysis of the data

environment and cow effects.

No indication of a cow by environment interaction was evident.
Richardson et al.

(127) utilized the lactation records of 228

first lactation Jerseys to assess the importance of sire by ration
interactions.

Daughters of 13 sires were divided randomly into two

groups at calving and assigned to either an all forage ration or a
forage plus grain ration.

Ration differences were large and indica

tive of the stress of the all forage ration.

The sire by ration in

teraction approached significance for milk and fat-corrected milk
production but contributed less than 4 per cent of the total varia
tion.

These authors concluded that, although daughters of individual

sires may perform better on one type of environment than another,
the overall importance of genotype by level of nutrition interactions
is probably negligible.
In summarizing, a great deal of progress has been made since
researchers became interested in genetic merit of dairy cattle.

Per

haps the greatest contribution after the rediscovery of Mendel's
work was the acceptance of quantitative inheritance in dairy cattle
selection programs.

The advent of artificial insemination has

greatly enhanced genetic progress in cattle and the use of electronic
computers has made it possible to evaluate results with greater ease
and less time.

An appreciation of the concept of variance and the
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partitioning of phenotypic variance into that which is due to heredity,
environment, and the interaction between the two is of major signifi
cance to the animal breeder.
There is little doubt that genetic-environmental interactions
occur in a broad sense and in a number of quantitative characters when
environmental differences are great.

A great deal of evidence is

available on their existance in the animal kingdom.

The significance

of the interaction between genotype and environment in dairy cattle
may not be as important as in some other classes of farm animals since
in most cases they are subject to fewer environmental stresses.

How

ever, critical experiment evidence is needed to determine if genotypeenvironmental interactions are of potential economic importance in
dairy cattle selective breeding.
The literature is in general agreement where estimates of
genotype-environmental interactions have been conducted with sire by
herd data in dairy cattle.

These estimates have been small or essen

tially zero, indicating that the ranking of sires will be approxi
mately the same within an area without regard to the herds in which
their progenies

performed.

Regional aspects of such interactions

have been investigated by a few workers.

The results of these studies

have shown that the ranking of sires would essentially be the same in
both regions.

A very limited amount of data is available in regard to

interaction investigations within the same herd.

One study of this n a 

ture has indicated that the interaction approached significance but
that it contributed only a small percentage of the total variation.
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The general conclusion from most of the literature is that
genotype-environmental interaction for milk and fat yield is nonsig
nificant with the procedures used and environments studied.

However,

with the wide scale use of dairy sires in artificial insemination,
more intensive investigations may be possible utilizing more accurate
procedures and contrasting environments.

C.

1.

Economics of Feeding Regimes

General Conment
Efficiency in all phases of livestock production is becom

ing increasingly important as a result of the pressures of today's
civilization.
growth (48).

The demand for food is upward as a result of population
Milk and dairy products are important in human nutrition

and are desired by most Americans (131).

Efficiency of production

could become paramount so that the average person might have all of
the milk and dairy products that he likes and needs.
genetic merit has improved considerably,

Dairy cattle

largely through the use of

A I progeny tested sires, and more advancement in animal performance
is likely in store (120).

The upward trend in cost of labor and gen

eral expenses make it necessary to bring about the maximum utilization
of the genetic potential of cattle.

Therefore,

it is mandatory to

economically feed dairy cattle to their capacity for production.
Dairymen and research workers have been interested in the re
lationship between the forage and concentrate components of the ration
for many years.

European dairymen usually follow a feeding system
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where forage is fed for maintenance and the first gallon of milk,
while concentrates are fed for the remainder of the milk produced.
The most common American system is that of feeding forage free-choice
and concentrates at 1 pound of grain per 3 or 4 pounds of milk (52).
It is quite conmon also to include an increase in energy from concen
trates for high producers.

Increased production of milk by dairy

cattle with greater net income may result from the utilization of spe
cialized feeding regimes.
The number of Louisiana dairies has declined from about 3,800 to
around 1,800 during the past 10 years; however,
farm has greatly increased.

the number of cows per

There surely are a number of reasons for

this decline in number of dairy farms but collectively they all add up
to the ability to show a profit.

One of the goals of every dairyman

should be a reasonable return on his investment and a satisfactory in
come for himself and his family.

Each dairyman must mobilize his re

sources to achieve an efficient and profitable production unit.
A recent paper by Dickinson et al.

(43) has indicated that effi

ciency in dairy cattle is usually defined as the ratio of milk produced
to feed consumed without consideration of other inputs such as capital,
labor, management, etc.

It is essentially the ability to convert large

quantities of feedstuffs, which are mostly unsuitable for direct human
consumption,

into milk.

Me thods

for increasing the income of da ir ym en are co nstantly

being discussed and sought.

Pasture -or ie nt ed systems of feeding dairy

cattle have been a standard meth od of m a n a g i n g dairy cattle
years.

However,

for many

the inflationary trend of land prices a l o n g with
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intensified systems of management magnifies the importance of seeking
alternative feeding methods to increase milk production and net income.
In areas of the United States where land prices and labor costs are
high, drylot feeding has often replaced the age-old practice of pas
turing (2, 3, 4, 68).

Therefore,

it is important to determine the

extent to which differences in milk yield and income over feed cost
are influenced by feeding systems.
Speicher and Lassiter (137) have investigated the association
between specified management factors and net income.

The source of

information was 340 Michigan dairy farms, utilizing both DHIA and
mail-in farm account records from 1958 through 1962.

Milk production

per cow ranged from 5,533 pounds to 16,174 pounds with a mean value of
11,345 pounds.

The average feed cost per cow was $220, and income from

milk sales per cow was $457.

Therefore,

feed cost represented approxi

mately 48 per cent of the income from the sale of milk.

The average

price obtained for 4 per cent fat-corrected milk (FCM) was $4.16 per
100 p o u n d s .
Brown and S pe ic her

(30) ha ve studied dairy costs and returns

from data obtained from 331 Southern M i c h i g a n da i r y farms enrolled in
the T e l f a r m project in 1969.

They were di vided into five h e r d- si ze

groups ranging from "under 30" cows up
n u mb er of cows
Feed costs
found

to "100 and over."

for the respective groups was

for the dairy herd,

as w el l as

Average

25, 40, 60, 85, and 130.

the replacement cattle, w e r e

to range from $250 a c ow for a few herds

that did not raise many
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replacements and had low production,
carrying more replacements.

to $593 for high-producing herds

The average cost of feed per cow for the

respective groups was found to be $361, $391, $369, $368, and $373.
Hoglund (68)
today are those who
tions.

has stated that the more successful dairymen
can obtain more profits from their dairy opera

From an economic standpoint,

level of feeding at

all times.

trates) and roughage to
important factors as:

there is no most-profitable

The optimum quantity of grain (concen

feed is not fixed and is determined by such
(a)

in inherent productivity,

the production response of cows differing
(b) the quality of roughage fed, and (c)

the price relationships between feed and milk.

The quality of rough

age fed also affects the optimum combination and level of grain and
roughage to feed (68) .

The higher the quality of roughage,

the less

is the response in milk production when increased quantities of grain
are fed.

It is estimated that when good cows are provided all the

excellent roughage they will consume without any grain,

they will

attain about 85 per cent of their basic producing ability.

This com

pares with 75 per cent when medium-quality roughage is fed, and 65
per cent when poor-quality roughage is provided (68).

2.

Pasture-Oriented Regimes
Large quantities of high-quality forages have long been

recommended as the most important constituent of the dairy ration
(108).

Hodgson (64) has stated that in the southern and southwestern

states pasture has provided as much as 50 per cent of the feed for
dairy cattle.

However,

in recent years, pasture-oriented feeding
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regimes have received less emphasis due largely to increased cost of
high-quality forage, scarcity and high cost of labor, mechanization,
and new advances in nutrition (130).
Most of the studies concerning feeding during the lactation
show that when good cows are provided
they will consume and no grain,

all of the excellent roughage

they will reach about 85 per cent of

their basic milk-producing ability.

This compares with 75 per cent

when medium quality roughage is fed and 65 per cent when poor quality
roughage is fed (67, 73).
Reaves and Henderson (118) have stated that pasture is not a
concentrate and that it is impossible for cows of high genetic poten
tial for production to consume sufficient pasture to furnish the
necessary energy for their milk production.

The authors contend that

even the best pastures will furnish only enough nutrients for cows to
produce 30 to 40 pounds of milk per day.
Research workers (6) at the Marshfield Branch Experiment Station
in Wisconsin tested and compared three systems of feeding forage to
dairy cows in summer:

(a) strip grazing or pasturing,

(b) green feed

ing by hauling fresh green forage to cows in drylot, and (c) stored
feeding of hay and silage.

The experiment involved about 12 cows on

each feeding system in each of five experiment years during the period
of 1955-59.

Total pasture days averaged 119 days with the season run

ning from about the middle of May to September.

Cows on all three

systems received all the forage they would eat.

An alfalfa,

Ladino

clover and Bromegrass mixture was fed, along with enough grain mixture
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to supply additional needed nutrients.

Each herd was managed to get

the highest production from forage while feeding a simple c o m

and

oats concentrate at 100 per cent of the recommended nutrient require
ments.

Table 2 shows that cows on stored feed produced the most milk

per acre of forage, green-fed cows ranked second, and strip-grazed
cows were lowest.

Table 2.

Milk production of cows on three systems of forage feeding

Season
avg.

System

Corrected
milk per
acre 1/

Ratio of
concentrates
to milk

(lb)

(lb)

(lb)

Strip grazing

5,702

4,706

1:7

Green feeding

6,455

5,556

1:9

Stored feeding

8,217

6,041

1:5

\J Estimated

by multiplying per cent TDN received from forage by total
pounds of FCM and dividing by actual acreage used.

Milk production was high under all methods when good management was fol
lowed.

It required more grain for cows on stored feeding to maintain

the same level of milk production as cows on the other two systems.
Even considering the grain differences, milk production per acre was
in favor of stored feeding.
Elliot et al.

(46)

investigated the effect of concentrate level

on milk production of cattle grazing high-quality pasture.

A six-year

period was used with milking cows grazed on pasture and provided v ari 
ous levels of concentrates.

Results of continuous comparisons of dif

ferent levels of concentrate intake indicated that most Holstein cows
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producing close to 50 pounds of milk daily could obtain sufficient
nutrients from good pasture alone.

There were indications that cows

producing above 50 pounds daily would decline unless concentrates were
provided.

Higher levels of production appeared to need supplementa

tion with concentrates.
Researchers (115) at the Gulf Coast Substation, Fairhope, Alabana reported that both drylot and conventional pasture systems proved
satisfactory.

The findings indicated that a pasture system might be

best where land is plentiful and capital is short.

However, with

scarce land and enough available capital, a confined system that
handles more cows per acre might be better.

Returns above feed cost

were established at $426.38 and $463.05 for the drylot and pasture
groups,

respectively.
Miller et al.

ency.

(106)

investigated measures of economic effici

This study consisted of the first lactation production and feed

consumption of 425 Holstein cows calving in the Beltsville herd from
1951 to 1965.

The cows were individually barn-fed alfalfa hay, alfalfa

pellets, and corn silage.
yield,

Measures evaluated included 4 per cent FCM

income over feed cost, and feed cost per 100 pounds milk.

One

of the milk and feed price combinations utilized was grain at $50 per
ton, alfalfa hay at $50 per ton, and corn silage at $13 per ton.

Milk

was priced at $6 per 100 pounds for 3.6 per cent milk with a milk fat
differential of $0.08 per each 0.1 per cent deviation from 3.6 per
cent.

Mean income over feed cost was $402.

4 per cent FCM was found to be $2.91.
was established at $332.

Feed cost per 100 pounds

The level of feed cost per cow
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Hodgson and Sweetman (66) have stated that cows on good pasture
alone may produce approximately 30 pounds of 4 per cent FCM.

Under

good conditions cows will consume as much as 150 pounds of grass daily
or about 30 pounds of dry matter, enough for maintenance and the pro
duction of about 1.25 pounds of fat.

These workers recommended feed

ing concentrates at the rate of 2.2 pounds for each additional five
pounds of milk above the 30 pounds expected to be produced from pas
ture alone.

If hay or silage is fed, grain is reduced by 0.6 pounds

for each pound of hay and 0.2 pounds for each pound of corn silage
consu m e d.
It is generally agreed that pasture, when available, offers the
dairyman his most economical source of feed (1, 38, 109, 149, 154).
A New Jersey survey by Corncross and Hauck (38) showed that pasture
was the cheapest source of total digestible nutrients (TDN).
of 100 pounds of TDN from different sources were:

The cost

pasture, $1.26;

hay, $1.74; silage, $2.07; and concentrate feed, $4.23.

In a more

recent survey, Huffman (70) reported the cost of 100 pounds of TDN
from the following sources:

alfalfa hay, $2.00; corn silage, $1.75;

shelled corn, $1.90; and oat grain, $2.57.

A comparable figure for

pasture was reported by Reeves (119) as being $1.47.
Wilcox and Rhode (149) found that the unit cost of producing
milk on farms in the Chicago milk shed was considerably less in summer
when cows were on pasture than in winter when they were on dry feed.
The cost of producing 100 pounds of milk in summer (May-September) was
$1.41 as compared to $1.82 in winter (October-April).

In January,

the
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feed cost for producing 100 pounds of milk was nearly twice as much
as in June when the cows were on pasture.

Similar results were re

ported for the St. Louis milk shed by Wilcox and Rhode (149).

Wright

and Hodge (148) in a study of milk production cost in Michigan, con
cluded that pasture at $21 per cow for the season provided nutrients
at about one-half the cost of harvested roughage.
(109)

Morrison and Ely

in a 10-year study of Bluegrass pasture at Lexington, Kentucky

found that the labor involved in the production of pasture was far
less than that required for the production of corn and alfalfa hay
and the TDN yield of pasture was comparable with that of corn and
alfalfa hay.
It is apparent that the use of well-managed pastures offers
the dairyman an opportunity to increase his income.

However,

the most

serious drawback to a feeding program based on pasture as the source
of roughage has been the difficulty in maintaining good-quality pas
ture for extended periods of time.

This is particularly true during

the midsummer months when high temperatures,

low humidity and insuffi

cient rainfall are the most prevalent conditions in the Gulf Coast
Area (26).

Branton (24) has estimated that under normal conditions

pastures in South Louisiana are good to excellent for 38 per cent of
the year, while they are fair to poor for the remaining 62 per cent.
Data concerning the effect of high environmental temperatures on milk
yield have shown a decline in yield when temperatures were over 80° F
(60, 76).

In some cases,

not as pronounced.

the adverse effects of high temperatures were

Rusoff et al.

(132)

in a three-year study on the
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production and composition of milk from cows cooled by shade or
sprinkling found no relationship between environmental temperatures
and amount of milk production and composition of milk.

These workers

did note a slight increase in milk production of Holstein cattle that
were subjected to sprinkling over cows not sprinkled.
ence was not apparent in Jersey cattle.
al.

This differ

In studies by Johnston et

(76, 77, 78), it was indicated that much of the "summer slump"

in

milk production is associated with decline in nutritive value of avail
able forage rather than the direct effect of hot weather on the cattle.
Bertrand et al.

(15) has further shown that the decrease in summer

milk production for cows on pasture is closely associated with dry
matter intake (energy) and digestibility which was significantly
lower (P < 0.01) during June, July and August than for May.
Efforts to prevent or m i nim i z e summer decline in m i l k production
include the use of hay,
supplements.

silage or additional concentrates as pasture

Seath and Elliot

(133)

found that feeding either corn

silage or an extra amount of concentrates
aided

to H o l s t e i n and Jersye cows

in p re venting the late summer d e cl in e in m i l k production.

workers

These

(133) reported improvement in level of m i l k production when

alfalfa silage was

fed as a su pplement to cows gra zing a m i xt ur e of

Kentucky 31 Fescue and Ladino clover.

Gross (57) in a study of dairy cattle and climate in the south
ern United States compiled more than 12 years of data with dairy and
beef herds at the Iberia Livestock Experiment Station at Jeanerette,
Louisiana.

Table 3 presents a summary of annual availability and

quality of forages from these data.
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Table 3.

Summary of forages available annually by days and forage
values
Dallis &
Bermuda

Forage Values

Quantity

Oats

Oats &
Rye Grass

Rye
Grass

Clovers

Millet

Quality

Surplus - Excellent
Adequate- Good

Adequate- Fair
Deficient-Fair
Deficient-Fair

23

31
13

59

59

24
25

17

9
15

61

Total for days
of grazing

120

16

82

31

38

64

17

It will be noted that by using a combination of crops, grazing
could be made available on the average of 352 days of the year.
ever,

How

the forage supplies were found to be sufficient in quality and

quantity to support good levels of milk production for only 133 days
or 37 per cent of the time.

It was found that supplemental forages

in the form of hay or silage were necessary to avoid serious seasonal
fluctuations in performance.
To summarize,
available,

it is generally agreed that good pasture, when

is the most economical source of feed for dairy cattle.

However, pasture-oriented programs have a serious disadvantage when
used as the major source of nutrients since the maintenance of goodquality pasture for extended periods of time is an almost insurmount
able obstacle.

Much of the so-called "summer slump" in milk production
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can be attributed to the decline in nutritive value of available for
age rather than the direct effects of climate.
Pasture has been the basic ingredient in most dairy rations in
the past since it is a very nutritious and succulent feed when prop
erly managed.

Dairymen today are depending less on pasture and more

on other feeds.

One of the major reasons for this is the inability

of high-producing cows to consume enough feed to supply their energy
requirements when pasture is their main food source.

Pasture-oriented

feeding programs for dairy cattle are declining in popularity due to
a number of reasons such as:

increasing cost of land and capital,

in

creasing cost and availability of labor, and advanced technologies in
dairy operations.

Other reasons for the decline in popularity of pas

ture are the variations in pasture quality at different times of the
year,

losses due to trampling, and urine and manure contamination

which greatly reduce pasture yield.
The indications are that underfeeding has most generally been
associated with programs that depend very largely upon pasture as a
major source of feed nutrients.

3.

Concentrate Emphasized Regimes
Many reasons have led to gradual change away from the con

ventional pasture-oriented feeding system for dairy cows.

Several

studies have shown that the advantages of drylot or confined feeding
include more than the economics resulting from laborsaving.
(96) and Reid et al.

(121)

McMeeken

found that the expenditures of energy by

normal grazing cows resulted in maintenance requirements 40 to 50 per
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higher than cows fed and confined in a b a m .

Smith (135) has listed

the factors influencing milk production of dairy cows, which include
length of dry period, condition of calving, environmental tempera
ture, season of calving, and feeding and management practices.
Kesler and Spahr (79) have stated that it is obvious that highlevel concentrate feeding usually results in increases in milk produc
tion, mainly due to the greater intake of energy.

High levels of

concentrates tend

to increase milk protein, depress milk fat

depress digestion

of dietary fiber, and alter the proportion of rumen

volatile fatty acids.

percentage,

The authors presented data which indicated that

maximum nutrient intake is reached when concentrates make up 50 to 60
per cent of the total dry matter consumed.
Hodgson et al.

(66) concluded that the extent to which larger

feeding of concentrates can be practiced profitably depends entirely
on the feed-milk price ratio.

When the value of the extra milk ob

tained from feeding an additional pound of concentrate is worth more
than the concentrate,

then it is profitable to feed at the greater

rate.

However,

caution that with each

trate,

the output

they

of milk per unit of input

additional input of concen
decreases for high-producing

cows.
Crowley (40) has presented data in regard to the annual energy
budget for cows.

The approximate annual concentrate needs for cows

producing at 6,000,

12,000 and 18,000 pounds of milk were 400, 3,200, and

6,500 pounds of grain,

respectively, with minimum roughage provided at

the rate of 14 to 20 pounds per day.
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One of the most widely used methods of comparing herds Is the
average income over feed cost per cow.

This is obtained by subtract

ing the estimated cost of feed consumed from the value of the milk
sold.

This measure of economic efficiency mainly reflects the differ

ences in the effectiveness of different feeding programs.
Miller and Hoover (105) have investigated the relationship be
tween herd average milk production and average income over feed cost.
They found that about half the variation among herds in income over
feed cost was due to differences in herd milk production.

The amount

of concentrates fed per cow was also found to be an important factor
affecting net profit.

Their study analyzed reports from 8,048 H o l 

stein herds in 23 different states covering the period 1960-1964.

The

cows were fed an average of 3,900 pounds of concentrates per year.
This was a ratio of about 1 pound of grain per 3.1 pounds of milk.
The study revealed that increasing the feeding level of concentrates
resulted in a substantial increase in income over feed cost per cow
in many herds.

The average increase was an additional $1.62 per 100

pounds of concentrates fed, over and above the cost of the additional
feed.

It was also established that feeding an extra pound of grain at

high levels of intake did not result in as big an increase in milk
production as it did at low levels.

The authors state that the opti

mum grain-feeding level must be determined on an individual herd and
cow basis with the inherent producing ability of the cows taken into
consideration.
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Ward and associates (147) assembled Michigan State University
data where cows were fed on very low-grain, medium-grain, and highgrain rations in different locations.

A typical example of their

data is Cow A6 which produced 7,573 pounds of FCM during the third
lactation when fed low-grain (657 pounds);

10,486 pounds during the

fourth lactation when she consumed medium-grain (3,547 pounds); and
15,890 pounds during the fifth lactation when 5,862 pounds of grain
were fed.

Values of milk above feed cost for these three lactations

were $302, $419, and $636,

respectively.

These data suggested that

the increased returns above feed cost followed increased grain feeding.
In an early study, Woodward (152) compared the same cows when
yearly milk records were produced under test cow conditions with their
performance under ordinary herd conditions.

It was found that the

cows produced only 80 per cent as much milk under herd conditions as
they did under test conditions.

The cows showed a return above feed

costs of $355.01 under ideal conditions as compared to $222.21 when
kept under herd conditions.
The Dairy-Herd-Improvement Letter (81) presents official DHI
summaries for the 1971 test year.

National totals and averages for

cows established the production level of 12,659 pounds of milk and 477
pounds of fat

on a cow-year basis.

The value of

the product was $767;

feed cost was

$287, resulting in an income over feed

cost of $480.

A

total of 4,900 pounds of concentrates per cow were fed during the year.
The U.
been arranged

S. D. A. (81) data for

the Holstein

by level of production in

and Jersey herds have

Table 4.The relationship

Table 4.

Official DHI Holstein and Jersey herds by level of production and economics of income over
feed cost 1/

M i l k level

Range

(lb)

Production
mi lk
fat
(lb)

(lb)

Concentrates
amount
cost
(lb)

($)

Feed
Dry
Succulent
forage
forage
(cwt)

Value
of
product

Income
over
feed cost

Pas
ture

Total
cost

(cwt)

(No.
days)

($)

($)

($)

3,100
3,200
3,600
3,400
3,600
3,600
3,700
3,700
3,900
3,900
4,100
3,700

177
164
148
135
127
115
110
103
103
105
109
112

201
217
229
242
253
267
280
293
311
330
354
286

392
479
521
582
637
697
756
815
876
941
1,028
774

191
262
292
340
384
430
475
522
565
611
674
488

2,500
2,700
2,800
2,800
3,000
2,900
2,800

196
180
178
159
151
137
165

177
193
216
236
257
281
230

391
483
565
642
720
805
620

213
290
349
407
463
524
389

Holsteins
Unde r 7,500

7,500- 8,499
8,500- 9,499
9,500-10,499
10,500-11,499
11,500-12,499
12,500-13,499
13,500-14,499
14,500-15,499
15,500-16,499
16,500-up
Breed Average

6,645
8,112
9,080
10,064
11,051
12,037
13,020
13,984
14,953
15,938
17,241
13,284

247
299
333
370
406
442
479
514
548
581
626
487

3,200
3,800
4,100
4,300
4,600
4,800
5,200
5,400
5,700
6,000
6,400
5,200

101
116
123
132
140
149
159
168
183
197
219
164

6,600
8,300
8,900
9,600
10,100
11,000
11,400
11,700
11,600
11,500
11,400
11,100

Jerseys
Under 6,500

6,500- 7,499
7,500- 8,499
8,500- 9,499
9,500-10,499
10,500-up
Breed Average

5,858
7,093
8,036
8,990
9,983
11,125
8,738

295
358
406
456
505
554
441

3,100
3,500
3,800
4,100
4,400
4,900
4,000

99
111
124
140
156
177
137

4,300
5,000
5,700
6,400
7,000
7,100
6,100

1/ Data obtained from 18,697 Holstein and 1,151 Jersey herds for the 1971 test year (May 1, 1970April 30, 1971).
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among production and components of feeding is shown therein.

It will

be noted in both the Holsteins and Jerseys that as the level of milk
production increased, more concentrates were fed.

The data also re

veals that higher levels of productivity were accompanied by decreas
ing number of days on pasture.

Income over feed cost showed an upward

and linear response for both breeds as related to production and con
centrate consumption.
Mather et al.

(100) conducted a three-lactation study with 18

Holstein and six Guernsey cows to compare roughage intake, milk pro
duction, and weight changes on three levels of grain feeding (no
grain, medium grain - 1:6, and high grain - 1:3).

The animals were

provided with maximum molasses-grass silage intake and five pounds of
good alfalfa hay and pasture were supplied during the summer.

Average

245-day 4 per cent FCM for 12 cows with an estimated milk potential of
8,830 pounds was 6,490,
respectively.

7,690, and 8,910 pounds on the three rations,

The production for 12 cows with an estimated milk poten

tial of 10,930 pounds on the three rations was 8,080,
12,960 pounds, respectively.

10,100, and

There was a close relationship (r - 0.88)

between potential-producing ability of the cows and response as meas
ured by the ratio of extra milk produced per pound of grain fed when
comparing production on high grain with that of no grain.
Turner (139) attempted to evaluate the effects of increased
grain on the economics of milk production.
by the Illinois testing plant at Dixon,

Table 5 presents the data

Illinois.

In this table the

value of milk above feed costs ranged from $296 at 14,116 pounds to

Table 5.

Cow
no.

Relation between milk production and feed intake

FCM

Total
hay

TDN
in
hay

Total
grain

Total
TDN

FCM
lb.
feed

Feed
cost

Value
of
milk

Income
above
feed cost

- - - - - -<$)----- - - - -

------- (1b.)------4

14,116

5,877

2,939

8,394

11,333

1.25

268.62

564.64

296.02

10

15,466

5,818

2,909

8,544

11,453

1.35

271.78

618.64

346.86

7

17,283

6,204

3,102

9,585

12,687

1.36

301.67

691.32

389.65

7

18,658

6,072

3,036

9,715

12,751

1.46

303.60

746.32

442.72

10

20,098

6,033

3,017

9,794

12,811

1.57

305.18

803.92

498.74

4

21,459

5,898

2,949

9,544

12,493

1.72

297.58

858.36

560.78

4

23,013

6,245

3.123

10,619

13,742

1.68

327.93

920.52

592.59

OJ
Ln
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$592.59 at 23,013 pounds of 4 per cent FCM.
ranged from 8,394 to 10,619 pounds per year.

Concentrate feeding
It was pointed out that

the economic law of diminishing returns may operate with average

or

poor cows that are fed above their requirements, but it did not hold
with their good-producing cows.

He found that the milk production per

pound of grain increased as the yearly milk production increased.
LeBlanc (86) summarized the 1970 production, expenses, and in
come of 39 dairy farms in Lafayette Parish, Louisiana, participating
in the Farmers Home Administration program.

The average number of cows

per farm was 53 producing at a level of 10,405 pounds and the cost of
feed (grain) accounted for 35.8 per cent of the gross income.
Branton (22) has stated that there is ample evidence to show
that when the quality of roughage is kept fairly constant,

the level of

grain feeding will have a profound effect on milk production.

This is

assuming that the cows have the inherent capability to efficiently con
vert feed into milk.
The data of Jensen et al.

(74), involving nine state agricul

tural experiment stations in the U. S. A., showed that cows fed at 91,
102,

110, 120, 128, and 138 per cent over maintenance by Haecker's

stan

dard (39) produced 7,626, 8,184, 8,824, 9,400, 9,780, and 9,965 pounds
of 4 per cent FCM, respectively.

At one station where unlimited grain

feeding was compared with various percentages of the standard, cows on
the unlimited grain produced 12,756 pounds 4 per cent FCM as compared
to 11,518 pounds 4 per cent FOi for those fed at 100 per cent of the
Haecker standard.

These data compare favorably with those reported by
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Woodward (152) on cows kept under "test" and "herd" conditions in
alternate locations.

It was found that the cows produced only 80 per

cent as much milk under "herd" conditions as they did under "test"
conditions after adjustments had been made for age,
ing,

length of lactation,

frequency of m i l k 

length of dry period, and days of gestation.

Bayley and Heizer (11) obtained information on 967 cows in 47
grade and purebred Holstein-Friesian herds in Wisconsin.

An increase

of 1 pound of TDN daily per 1,000 pounds body weight resulted in an
average increase of 551 pounds of milk and 18 pounds of milk fat.
Kilpatrick (80) conducted a study to determine the effect of
different levels of concentrates along with unlimited roughages on
milk production.

Twenty-six cows consisting of 16 Holsteins and 10

Jerseys were divided into four comparable groups.

The four groups

were fed grain according to the narrow ratios (1:4 Holsteins,
Jerseys) and wide ratios (1:6 Holsteins,
periods.

1:3

1:5 Jerseys) during alternate

Two trials were conducted with three 25-day periods each,

with three-day change-over periods.

The animals received hay and

silage in Trial I and hay, silage and pasture in Trial II.

A total

of 15,544 pounds of milk was produced by the Holstein cows when fed
grain at a high level as compared to 14,247 pounds of milk when they
were fed grain at a low level during Trial I.

The Jersey cows pro

duced a total of 5,751 pounds of milk at the high level of grain feed
ing as compared to 5,239 pounds when they were fed at the low level.
During Trial II, a total of 16,219 pounds of milk was produced by the
Holstein cows when fed grain at a high level as compared to 16,400
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pounds when provided grain at the low level.

The Jersey cows pro

duced a total of 5,132 and 4,949 pounds of milk when fed at the high
and low level of grain, respectively.

The author reported that the

similarity in production during Trial II was apparently due to some
factors other than the amount of grain fed.

The cows were in the

latter stages of their lactation period and were on good pasture.

A

rapid increase in body weight was noted during Trial II and this may
have been an indication that both levels of feeding grain may have
been too high.
Graves (56) of the U. S. Department of Agriculture reported on
work in which different levels of grain feeding were used.

Twelve

Holstein cows were used in the study and they were fed four different
rations with each ration being fed for one complete lactation.

The

measures of response were the quantity of milk and butterfat produced
when the cows were fed different rations and managed under good aver
age herd conditions.

Table 6 presents

the average performance in terms

of milk and butterfat yield for the various feeding plans.

It will be

noted that the ration of alfalfa hay, corn silage, pasture and grain
(1:4.3) resulted in maximum milk production.
hay, pasture and ground barley (1:6.5)
that was 86 per cent of the maximum.

The ration of alfalfa

resulted in milk production
Milk production was 75 and 69

per cent of the maximum when rations of alfalfa hay, corn silage and
pasture, and alfalfa hay and pasture alone were fed, respectively.
The milk fat trend was approximately the same as that for milk produc
tion .
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Table 6.

Milk and fat yield of Holstein cows when fed roughage with
and without grain
Production
Milk

Type of ration

Fat

-----(lb)-

- -

Alfalfa hay, corn silage, pasture
and grain (1:4.3)

12,886

434

Alfalfa hay, pasture, and ground
barley (1:6.5)

11,086

348

Alfalfa hay, corn silage, and pasture

9,481

303

Alfalfa hay and pasture

8,938

285

Researchers (5) at the Southeast Louisiana Dairy and Pasture
Experiment Station investigated the intensities or levels of grain
feeding for milk production on first lactation yield.
tions used were:

The four ra

(A) no grain at any time during the lactation period,

(B) animals received one pound of grain for each six pounds of milk
produced during the entire lactation,

(C) animals received one pound

of grain for each three pounds of milk produced during the first 90
days of the lactation; no grain was fed for the remainder of the lac
tation, and (D) one pound of grain was fed for each three pounds of
milk produced throughout the entire lactation.

Roughage feeding was

the same for all groups at all times and consisted of hay, silage, and
pasture, singly or in combination.

All roughage was fed on a free-

choice basis to all animals in all groups.

Thus,

the only variable

between grain intensity groups was the grain itself.

The experiment

was initiated in September of 1957 and four cows each of the Holstein
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and Jersey breeds were placed on the respective treatments.

Responses

evaluated were as follows:
1)

2X-305-day M.E. 4 per cent FCM

2)

estimated real producing ability (ERPA), and

3)

per cent ERPA produced.

Table 7 presents the performance of the Holstein and Jersey
cows fed the four rations.

It will be noted that ration D, where the

animals received one pound of feed to each three pounds of milk
throughout the lactation,
ERPA being produced.

resulted in the largest percentage of the

Holsteins and Jerseys fed on the basis of 1:6

for the entire lactation produced 93.2 and 85.8 per cent ERPA, re
spectively, as compared to 102.6 per cent for the Holsteins and 109.6
per cent for the Jerseys fed 1:3 throughout the lactation.
Numerous experiments have been conducted to determine the opti
mum intake of concentrates for milking cows.

The most extensive of

these was the cooperative study of Jensen et al.

(74) .

Some of

their data are summarized in Table 8.
It is seen from these data that as the level of grain mixture
in the ration was increased from 18 to 45 per cent, the amount of milk
produced increased from 10,195 pounds to 13,736 pounds.

The ratio of

concentrates to 4 per cent FCM changed from 1:4.7 to 1:2.0 as the
grain level was increased, and the amount of roughage consumed d e 
creased .

41
Table 7.

Milk production of Holstein and Jersey cows when fed differ
ent intensities of grain

Ration

Breed

2X 305-day M E.
FCM
(lb)

ERPA
ERPA
(lb)

produced

(%)

A

Ho ls te in

8,657

10,430

83.0

A

Jersey

6,118

7,252

84.3

B

Holstein

9,055

9,705

93.2

B

Jersey

6,581

7,663

85.8

C

Ho lstein

9,020

9,923

91.1

C

Jersey

7,496

7,912

94.8

D

Holstein

9,364

9,204

102.6

D

Jersey

8,748

7,930

109.6

Table 8.

Relation of concentrate level in the ration to milk production

Concentrate
in ration

Total intake
Concentrate
Hay Equiv.

a)

FCM
Yield

Ratio
C o n e .:FCM

......... (lb)

18.1

2,207

9,938

10,195

1:4.7

26.6

3,407

9,422

11,322

1:3.4

30.8

4,320

9,706

11,311

1:2.7

35.1

5,225

9,662

12,506

1:2.5

45.2

7,068

8,582

13,736

1:2.0
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Swanson and Hinton (138) reported from the Tennessee Station
where cows on medium-quality roughages alone were compared to cows on
the same roughage plus 307 pounds of grain during the dry period of
65 to 70 days.

The grain-fed group made average gains in body weight

of 50 pounds and the all-roughage group averaged 23 pounds gain dur
ing the dry period.

In the first 210 days of lactation, those fed

grain in the dry period produced 7,860 pounds of 4 per cent FCM which
was a 4 per cent increase over the 7,531 pounds for the all-roughagefed c o w s .

The 307 pounds of grain fed during the dry period produced

329 pounds more milk.
Workers (108) at the Cornell Station fed a group of cows heavy
grain during one dry period and at a much lower level during another.
When they were fed heavily,

they gained on the average 112 pounds more

in weight, and in the following lactation produced 705 pounds more milk
and 23 pounds more butterfat than they did when they were fed less
grain.

This increase in weight and milk production required 440 pounds

of concentrates.

Heavy dry period feeding required 52 extra pounds of

concentrates which resulted in an additional 100 pounds of milk.
The results of the experiment of Jensen et al.

(74) showed the

importance of feeding cows sufficient nutrients for them to calve in
good flesh.

The peak of milk production after calving varied with the

plane of nutrition and showed that the cows fed more grain reached the
highest peak, while those fed the least had the lowest peak of milk
production.

This is in agreement with the results of Woodward et al.

(155), who found that extra feed is not necessarily wasted because
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liberal feeding before calving results in more milk for three to four
months after calving.
Miller (103) used a total of 8,048 yearly herd average records
from 23 different states to determine the value of factors measured
in Dairy Herd Improvement Association for predicting estimated income
over feed cost per cow.

Data for this study were collected from H o l 

stein herds for the period of 1960-64.

The average annual yield of

milk was established at 12,004 pounds and concentrate-feeding level
at 3,904 pounds.

Total feed cost was $237.04,

resulting in a value

of $318.88 for income over feed cost and the cost of feed per cwt of
milk produced was $1.98.
Larsen and Eskedal (84) reported on an experiment conducted
by the Danish government for two years with high-producing cows.

Ten

cows with an average production of 607 pounds of fat a year were used.
These cows were kept under ideal conditions and each cow was fed ac
cording to her production and appetite.

At the peak of m ilk produc

tion, as much as 40 pounds of concentrates, plus 7 pounds of hay, 30
pounds of grass silage, and 50 pounds of beet-top silage were fed.
The cows produced an average of 24,341 pounds of 4 per cent FCM d u r 
ing the first year, and 25,622 pounds the second year.
Huffman's review (70)

indicated that a summary of available

literature left little doubt that high grain feeding resulted in an
increase in milk production.

It was pointed out that cows of high

potential for production almost always will respond.

Ability and

individuality of animals appear to be of considerable importance, as
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was pointed out earlier by Bloom et al.

(17).

A number of reports

have indicated that significant increases in milk production resulted
when amounts of concentrates fed were elevated (10,
37,

107).

16, 28, 33, 36,

Most of the increased production was accounted for by the

greater energy content of the diet, or by the simple fact that more
total energy was consumed.
Loosli (46)

In support of this concept, Elliot and

fed diets in which the level of estimated net energy (ENE)

intake above maintenance was held constant.

Production of 4 per cent

FCM was not different on diets containing 40, 60 or 80 per cent of the
ENE in the form of concentrates.
A number of relatively recent studies have indicated that high
concentrate feeding resulted in increased milk production.

Murdock

and Hodgson (110) reported that about five pounds of Increased milk
production, and positive instead of negative body weight changes, re
sulted when the concentrates fed amounted to about 19 pounds per cow
daily versus about 8.5 pounds.

A Michigan study by Brown et al.

(31)

showed dramatic increases in milk production at higher levels of grain
feeding, especially at the free-choice level.
A few workers have reported unfavorable results from high levels
of concentrate feeding.

Wing and Wilcox (151) indicated little advan

tage in providing a supplemental bulky concentrate in addition to the
usual concentrate part of the ration.

Boyd and Mathew (20) in a

Tennessee study showed no advantage in unlimited grain feeding, but
the productive level of the cows was low.

Rumery and Plum (129)

failed

to show an advantage for a 17.8 per cent Increase in grain intake,
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although the increase was offset partly by lower silage intake.

Hooven

and Plowman (69) paired two groups of 19 cows each on the basis of
their first lactation performance and calving dates.

One group was

fed grain, hay, and silage ad libitum, while the controls were fed at
110 per cent of Morrison's standards (108)

for maximum requirements.

No difference in 4 per cent FCM production was noted; however,

the cows

fed ad libitum did consume more ENE which apparently was converted into
body gai n s .
Miller and Dickinson (104) have clearly demonstrated that in
DHIA data the reported amount of concentrates is most closely related
to herd average milk production.

They found that, in general,

the re

sponses to each of the components (concentrates, hay, silage, and
pasture) were somewhat less than might have been anticipated.
mary,

In sum

they have stated that the practical implication is that the use

of grain in the feeding program is a very important factor in the pro
ducing level of the herd.

This is a widely recognized fact and has

been reflected in the trend toward more liberal use of concentrates
in dairy rations over the past several years.

In the last ten years

there has been a 50 per cent increase in the amount of grain fed per
cow in DHIA (104).

Successful dairymen now recognize the profitabil

ity of feeding high levels of grain to inherently high-producing cows.
Increasing the level and efficiency of milk production is the
primary aim of good dairy farmers.

Continued success of the dairy

industry depends upon progressively increasing the efficiency of pro
duction.

It has long been known that dairy cows cannot produce
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maximum milk yields when they are fed only roughage without a high
energy supplement.

The addition of a grain or concentrate mixture to

roughage alone almost invariably results in increased milk yields (12,
71, 72, 88).

Milking cows have been fed on concentrates alone w ith

out particularly harmful effects (102, 116).
demonstrated, however,

Several studies have

that the fat percentage of the milk of cows

may be depressed if only approximately 5.0 pounds of hay daily are
fed as the sole roughage and the balance of the energy needs are sup
plied as a grain mixture (89, 114, 140).

The nature of the concen

trates as well as the amount of roughage fed has been found to
influence the fat test depression (9, 134).
There is general agreement that a frequently encountered prob
lem resulting from heavy concentrate feeding is a depression of the
fat percentage in the milk produced.

Several workers have reported

a decrease in milk fat per cent (16, 21, 28).
kins et al.

Ronning (125) and H a w 

(62) noted lower milk fat content when the proportion of

dietary concentrates exceeded 30 or 35 per cent, and the concentrates
were pelleted.

Bernett and Olson (14) as well as Boyd and Mathew (20)

found that ad libitum feeding of grain resulted in milk fat depres
sion.

However, Brown et al.

(31) concluded,

in a study of the effect

of high-level grain feeding on milk-production response of lactating
dairy cows,

that the small differences observed among treatment groups

for milk fat were not significant, and did not appear to be associated
with the feeding regime.
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In summarizing,

it seems that,

in general, high-level concen

trate feeding usually results in increased levels of milk production.
The extent to vdiich high levels of concentrates can be economically
fed depends upon the inherent producing ability of the cows and the
feed-milk price ratio.

Dairymen can afford to feed an additional

pound of concentrate when the value of the extra milk exceeds the
cost of the concentrates.
The evolution of dairy farming has seen a transition away from
the conventional pasture-oriented system to a drylot or confined feed
ing program.

Dry cow conditioning has been found to be profitable,

along with heavier grain feeding during the earlier part of the lac
tation period referred to as "lead" or "challenge" feeding.

Income

over feed cost is termed to be the best measure of efficiency on
dairy farms.

The amount of concentrates fed has been found to be

highly correlated with herd average milk production.

However,

the

optimum grain-feeding level must be determined on an individual herd
and cow basis.
There is widespread agreement in the literature that milk fat
per cent is depressed when 70 per cent or more of the ration is con 
centrates.

The feeding of concentrates in pelleted form seems to

compound the problem of milk fat depression.

4.

Relation of Production and Income Over Feed Cost
The 1971 official Dairy Herd Improvement (DHI) national

summaries reveal that Holstein herds averaged 13,284 pounds of 3.67
per cent milk while Jersey herds averaged 8,738 pounds of 5.05 per
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cent milk (81).

This represents 12,626 and 10,115 pounds of 4 per

cent FCM for the Holstein and Jersey herds,

respectively.

These data

consisted of all cows of all ages from 18,697 Holstein herds and 1,151
Jersey herds.

Feed costs were $286 for the Holsteins and $230 for the

Jerseys with concentrates accounting for $164 in the Holstein herds
and $137

in the Jersey herds.

The level of income over feed cost was

$488 and $389 for the Holstein and Jersey herds, respectively.
Manning (97) reported that income over feed cost for cows on
DHIA records in an Arkansas herd producing at the 18,000-pound level
was around $552 per cow.

Matherne (101) has suntnarized Southern

Regional DHIA production and income data for 1969 which included
313,270 cow-years and represented records from Alabama, Florida, Geor
gia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina,
Tennessee, Texas, Virginia, and Puerto Rico.
of 4 per

The average production

cent FCM was 11,172 pounds and total cost of feed was $276

with the level of

income over feed cost established at $464.

It is of

additional interest to note that the average Southern Regional dairy
cow grossed $740 per cow-year.
Matherne (101) reported income above feed cost for Louisiana
herds grouped on level of milk production for 1969.

Table 9 clearly

demonstrates that income above feed cost increased with production
along with a decrease in feed cost per cwt of milk.

These same data

also show that five herds averaged in excess of 14,225 pounds of milk
and were fed concentrates at a level of 7,000 to 8,500 pounds per cowyear, and average income above feed cost for these herds was $544.
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Table 9.

Relationship between level of production, feed cost, and
income over feed cost for Louisiana DHI herds in 1969
Income
No.
herds

Levels of milk

Avg.
milk

(lb)
14,000
12,000
10,000
8,000
6,000

to
to
to
to
to

16,000
14,000
12,000
10,000
8,000

Average

Avg.
fat

Feed
C03 t

above
feed cost

Feed
cost
cwt milk

- - - - -($)- - - - -

(lb)

(lb)

7
15
25
19
19

15,544
12,709
11,020
9,049
7,255

539
438
404
388
312

381
307
269
248
238

605
485
459
400
283

2.45
2.42
2.44
2.74
3.28

87

9,808

382

263

401

2.69

Ricketts (128)

investigated the costs and returns of producing

milk at different levels of milk production from 505 Pennsylvania
Jersey dairy farms in 1968.
8,000,

The respective levels of production were

10,000 and 12,000 pounds of milk.

It was found that when milk

production was increased from 8,000 to 12,000 pounds feed costs in
creased from $260.70 to $340.74 per cow and that net income from milk
after hauling was $536, $670, and $804 for the respective production
level groups.

Income over feed cost for these same groups was $275.30,

$366.60 and $463.26.
Morrison (108) used records of 29,442 DHIA cows to show the re
lation of level of production to cost of feed and return above feed
cost (Table 10).

All animals had completed a full 12-month testing

period and were grouped by production intervals as shown in the table.
The 5,000-pound milk group had an $89 return above feed cost compared
with $498 for the group that averaged 17,691 pounds of milk.

The
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Table 10.

Relation of level of production to cost of feed and return
above feed cost

Average yield
M ilk
Fat

Value
Cost of
of
milk concentrates

- - (lb)- 5,073
7,390
8,545
9,640
10,784
12,048
13,276
14,150
15,486
17,085
17,691

204
301
349
399
446
496
546
594
644
694
752

Total
cost of
feed

Return
above feed
cost

Feed cost
per 100 lb
of milk

- -($)- ■
199
292
338
383
429
478
521
568
634
666
724

55
69
76
83
89
98
103
112
120
128
150

110
127
136
144
153
164
170
181
194
206
226

89
165
202
239
276
314
351
387
440
460
498

2.17
1.72
1.59
1.49
1.42
1.36
1.28
1.28
1.25
1.21
1.28

highest feed cost per 100 pounds of milk produced was associated with
the lowest interval of production.

Feed cost per 100 pounds of milk

produced ranged from a high of $2.17 to a low of $1.21,

resulting in

$0.91 more income above feed cost per 100 pounds of milk produced by
cows in the higher interval of production.
In sutmarizing,

it is quite apparent that cows with a high milk

production potential will respond economically favorably to greater
total feed.

Indications are that there is a positive relationship b e 

tween level of production,

total feed cost, and income over feed cost.

It seems that the magnitude of income above feed cost would be one of
the most significant economic evaluations of an efficient dairy enter
prise.
No outstanding profitable level of feeding during an entire lac
tation for all cows is known at this time.

It would seem that the
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most important concept in feeding dairy cattle is the principle of
diminishing returns.

This would exist when each additional unit of

input adds less to total production than the previous unit.

The appli

cation of this concept forms a practical basis to establish the most
profitable dairy feeding system, which is one where additional units
of feed are added until the last input just pays for itself in the
increased value of the extra milk produced.

III.

EXPERIMENTAL MATERIAL AND METHODS

A.

1.

Source of Data

Herd History
The State Legislature in 1904 appropriated $5,000 for the

establishment of a dairy herd, a dairy b a m
siana State University.

and a creamery at Loui

The availability of these funds in 1905

made it possible to initiate dairy programs at the University.

The

present State Capitol grounds was the location for the first organized
dairy activity by the College of Agriculture which was established in
1908.

The Jersey and Holstein herds were established during the period

1906-1916.
Herd testing was begun in 1927 in the Dairy Herd Improvement
Association (DHIA) program.
Registry (HIR)
(DHIR)

testing in 1942 and on Dairy Herd Improvement Registry

testing in 1962.

The official record program was changed to

Dairy Herd Improvement (DHI)
that time.

The herd was placed on Herd Improvement

in 1964 and has continued as such since

Complete herd records have been maintained since 1927 and

data used in this study were obtained from the records of the herds
during the period of January 1955 through December 1969.

a.

Jersey Cows
The Jersey herd had its beginning in 1909 when four regis

tered Jerseys were purchased near Vicksburg, Mississippi.
52

These cattle
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were transported down the Mississippi River by steamboat to Baton
Rouge.

Breeding in the Jersey herd was through the use of natural

service sires until the establishment of Louisiana Artificial Breed
ing Cooperative,

Inc.

(LABC) in 1947.

semen from LABC sires until 1957.

The Jersey cows were bred with

Mating subsequent to 1957 utilized

frozen semen largely from Al proved bulls from various bull studs
throughout the United States and sires available from LABC have been
used when their individual merit warranted their use.

b.

Holstein Cows
Five registered cows and a bull constituted the beginning

of the Holstein herd which has had three distinct eras with regard to
the breeding practices followed.

During the period 1916 to 1950 all

of the cows were sired by natural service and many of the early sires
used in the herd were from Pabst Farms,

Inc.

Several sons of these

sires out of brood cows in the herd were also used in natural service
as herd sires.

Thus,

the vast majority of the cows which made records

in the herd up to 1950 were of Pabst Farms breeding.
Natural service was discontinued in the herd after the organiza
tion of the LABC.

Cows in the herd were bred artificially with fresh-

liquid extended semen from sires in this organization subsequent to
1947.

Thus, bulls of many different lines of breeding in addition to

Pabst Farms or Burke breeding were used resulting in a wide outcrossing
program.

Sire selection for herd use was made largely on the basis of

their progeny tests (single herd proof) and/or pedigree and the avail
ability of their semen.

54
A Holstein research breeding project was started in the herd in
1957, with most

of the cows being selected as foundation females.

large number of

the cows that made records during the

1960-1969 period

were the result

of matings using frozen semen from Al

proved bulls

from throughout

the United States and sons of some of

these bulls out

of high-producing cows in the herd.

A

These matings were all involved

in a long-time selective breeding research project.

2.

Feeding and Management Practices
Data used in this study were obtained from the Louisiana State

University Holstein and Jersey herd records from January 1955 through
December 1969.

The feeding and management of the herds prior to 1960

has been reviewed by Martojo (98).

Replacements for the herds have

been the result of raising female calves and making selections on the
basis of needs and availability.
and size.

Heifers were bred according to age

All animals were allowed to complete their first lactation

before they were included as a part of any nutritional or managerial
study which might have had some effect upon their productive perform
ance.

Management practices utilized in the herds subsequent to 1960

have been reported by Evans (47).
Three distinct feeding regimes which have been apparent in the
Louisiana State University dairy herd from 1955 through 1969 were as
follows:
Regime
I
II
III

Years
January 1955 through September 1959
October 1959 through February 1963
March 1963 through December 1969
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The yearly lactation averages for the Holstein and Jersey herds
on a 2X-305-day M.E.
shown in Figure 1.

(mature equivalent) basis for milk yield are
Hie data have been partitioned into the three

feeding regimes as presented above.

It will be observed in Figure 1

that the average milk yield ranged from 8,947 to 16,214 pounds and
from 5,699 to 9,432 pounds for the Holstein and Jersey herds,
tively.

respec

There was same fluctuation from year to year, but the trend

for both herds was upward with the Holsteins being more pronounced
than the Jerseys.
Information contained in Figure 1, along with a knowledge of
the feeding program,
three regimes.

formed the basis for the establishment of the

The situations associated with the three feeding re

gimes will be discussed in detail.

It might be of interest to note

that the most drastic deviation for milk production in both herds
occurred in 1957.

This has been attributed to limited energy intake

due to economic circumstances.

a.

Forage
Pastures vary widely in their feeding value throughout the

year;

therefore,

the evaluation of pasture in terms of nutritional

value is of prime importance.

Permanent and temporary pastures were

evaluated on the basis of quantity and quality.

A pasture evaluation

system was initiated in

1960 based on a modification of the score

of Hodgson and Shepherd

(65) for farms in Dairy Herd Improvement Asso

ciations.

Appendix Tables 1

used for pasture evaluation.

and 2 represent the instructions and

card

form

17,000

—
15,000

Holsteins
Jerseys

(lb)

13,000

Milk

11,000

9,000

V

7,000

5,000
Regime I

Regime II

Regime III

1955
Years
Figure 1.

Lactation averages (2X-305 day-M.E.) for milk by years and feeding regimes for the
Holstein and Jersey herds.
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Observations were made daily at approximately the same time by
an individual experienced in the use of the quality and quantity
scores for pasture evaluation.

Appropriate data were recorded and

placed on file for future use.

Information previous to 1960 was col

lected from annual reports and DHIA data.

The pasture quality and

quantity values that were used in Tables 11 - 16 were obtained from
summarizing the dally pasture evaluation reports.
The feeding and management program during Regime I was largely
pasture-oriented.

Temporary and permanent pastures were used as sour

ces of forages for the herd and were supplemented with native grass
hay.

The permanent pastures consisted primarily of Dallisgrass (Pas-

palum dilalaturn) and Bermuda grass (Cynodon dactylon) and also con
tained some common White Dutch Clover (Trifolium repens L.) during
the early spring months.
lia)

Temporary pastures of oats (Avena var. camel

for fall and winter grazing and Sudangrass

sudanense) and Millet (Pennisetum glaucum)
used during this period.

(Sorghum vulgare var.

for summer grazing were

Soilage from permanent and temporary pastures

was fed to supplement the pasture grazing and was available on a lim
ited basis during the summers.

The daily forage feeding program for

Regime I is shown in Tables 11 and 12.
The second feeding regime (1959-1963)

comprised a modified dry-

lot feeding program in which more use was made of alfalfa hay, silage,
soilage or green chop forages and temporary pasture.

Permanent and

temporary pastures were quite similar to those of Regime 1.

Millet,

Sudan or Johnsongrass (Sorghum halapense L. Pers.) was used for

Table 11.

Month

Daily forage feeding program for lactating cows on feeding Regime I (January 1955 through
September 1959)

Silage ( c o m
or sorghum)
(lb)

Jan.

36

Feb

33

Pasture 1/
Permanent
Temporary

Hay
Alfalfa
(lb)

Grass
(lb)

Soilage

(Days and time)U

(lb)

l-31st
4 hr daily (VG)
ll-28th
4 hr daily (VG)

1-10
8

l-20th
4 hr daily (VG)

Mar.

21-31st
4 hr daily (VG)

Apr.

l-30th (E)

May

l-31st (VG)

June

65

l-30th (G)

July

65

l-31st (F)

Aug.

65

l-31st (F)

l-15th
65

l-30th (P)

16-30th
15

Sept.
Oct.

40

10

Nov.

40

10

Dec.

40

10

1/ E - excellent;

VG - very good;

G - good;

2./ Full day if not otherwise indicated.

l-15th (P)

l-31st
2 hr daily (VG)
F - fair;

P - poor.

Table 12.

Month

Daily forage feeding p r o g r a m for dry cows on feeding Regime I (January 1955 through S e p 
tember 1959)

Silage (corn
or sorghum)
(lb)

Hay
Alfalfa
(lb)

Grass
(lb)

l-31st
2 hr daily (VG)
l-10th
5

Feb.

(Days and time) ,2/

(lb)

36

Jan.

Pasture .1/
Temperature
Permanent

Soilage

ll-28th
2 hr daily (VG)
l-20th
4 hr daily (VG)

Mar.

21-31st (VG)

Apr.

1-30th (E)

May

l-31st (VG)

June

1-30th (G)

July

l-31st CG)

Aug.

l-31st (F)

Sept.

l-31st (F)

Nov.

40

Dec.

45

1/
2y

1-15 th (G)
16-31st (F)

16-31st
12

Oct.

E - excellent;
VG - very good; G - good;
Full day if not otherwise indicated.

l-31st
2 hr daily (VG)
F - fair;

P - poor.

Ln
vO

Table 13.

Month

Daily forage feeding program for lactating cows on feeding Regime II (October 1959 through
February 1963)

Silage ( c o m
or sorghum)
(lb)

Hay
Alfalfa
(lb)

Grass
(lb)

Soilage

Pasture 1/............
Permanent
Temporary

(lb)

(Days and time)2/

Jan.

40

9

l-20th
2 hr daily (G)

Feb.

43

8

l-23rd
2 hr daily (G)

Mar.

36

7

1-26th
2 hr daily (VG)

Apr.

25

5

45

1-30th
2 hr daily (G)

May

25

5

40

l-21st
2 hr daily (G)

22-31st (G)

June

25

5

40

l-15th
2 hr daily (G)

16-30th (G)

July

30

5

40

l-21st
2 hr daily (G)

22-31st (G)

Aug.

30

5

40

Sept.

40

8

Oct.

25

6

Nov.

42

8

l-15th
2 hr daily (G)

Dec.

45

8

l-31st
2 hr daily (G)

\!
2./

E - excellent; VG - very good; G - good;
Full day if not otherwise indicated.

l-31st (G)
1-30th (P)
l-31st (P)

40

F - fair;

P - poor.

Table 14.

Month

Dally forage feeding program for dry cows on feeding Regime II (October 1959 through Feb
ruary 1963)

Silage ( c o m
or sorghum)
(lb)

Hay
Alfalfa

Grass

Soilage

(lb)

(lb)

(lb)

21-31st
6

Pasture 1/
Permanent
Temporary
(Days and time) 2/

Jan.

21-31st
30

1-20th
4 hr daily (G)

Feb.

30

Mar.

30

l-31st
4 hr daily (VG)

Apr.

30

l-30th
2 hr daily (G)

M ay

l-31st (G)

June

l-30th (G)

July

l-31st (G)

Aug.

l-31st (G)

Sept.

1-30th (G)

Oct.

25

7

l-15th (F)
16-31st (P)

Nov.

25

6

1-30th (P)

Dec.

30

6

l-31st (P)

1/
T/

E - excellent; VG - very good; G - good;
Full day if not otherwise indicated.

F - fair;

P - poor.

Table 15.

Month

Daily forage feeding program for lactating cows on feeding Regime III (March 1963 through
December 1969)

Silage (corn
or sorghum)
(lb)

Hay
Alfalfa
(lb)

Grass
(lb)

43

9

Feb.

44

8

Mar.

37

8

Apr.

45

6

May

49

6

June

18

6

60

July

17

5

67

Aug.

17

5

67

4

l-13th
65

l-13th
15
14-30th
45

Oct.

48

6

Nov.

46

6

Dec.

50

5

1/

E - excellent;

VG - very good;

kJ
Permanent

(Days and time)

(lb)

Jan.

Sept.

Pasture
Temporary

Soilage

l-31st
2 hr daily (VG)

G - good;

F - fair;

P - poor.

O'

ro

Table 16.

Month

Daily forage feeding program for dry cows on feeding Regime III (March 1963 through Decem
ber 1969)

Silage (corn
or sorghum)
(lb)

Jan.

Alfalfa

Grass

Soilage

(lb)

(lb)

(lb)

l-14th
35

l-14th
2

15-28 th
2 hr daily (G)

1-15th
35

Mar.

(Days and time)2./
l-31st
2 hr daily (G)

30

Feb.

Pas ture 1/
Temporary
Permanent

Hay

16-31st
2.5 hr daily (VG)
l-30th
4 hr daily (G)

Apr.
May

l-31st (VG)

June

l-30th (VG)

July

l-31st (G)

Aug.

l-31st (G)

Sept.

l-30th (G)

Oct.

Nov.

43

Dec.

45

1/
2J

l-14th (G)

15-31st
40

E - excellent;
VG - very good; G - good;
Full day if not otherwise indicated.

F - fair;

P - poor.
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soilage.

Major emphasis during this time was on a stored-feed program

with corn and legume ensilage and alfalfa hay being fed throughout the
year.

Tables 13 and 14 present the dally forage feeding program for

Regime II.

It will be noted that cows consumed daily a range of 5 to

9 pounds of alfalfa hay, and 25 to 45 pounds of silage for a 12-month
period.

In addition,

for a 6-month period,

they consumed 40 to 50

pounds of soilage daily at which time the lowest levels of hay and
silage were fed.

During 10 months of each year,

the cows had access

to temporary pasture, and for approximately 6 months permanent pasture
was available.
The third regime also comprised a modified drylot feeding pro
gram.

Tables 15 and 16 outline the daily forage feeding for Regime

III (1963-1969).

It will be noted here that very little pasture was

utilized for forage and the only pasture provided for the lactating
cows was as temporary pasture for a period of 31 days.

Silage and

alfalfa hay were provided for the lactating cows throughout the year.
Soilage was fed to the extent of 105 days as compared to 184 days
during Regime II.

b.

Grain
Typical grain ration compositions utilized during the

three feeding regimes are shown in Table 17.

It will be noted that

from 1955 to 1959 (Regime I) a typical grain ration was specified to
contain 16 per cent crude protein.

The rate of feeding outlined in

Table 18 was adjusted every 10 days on the basis of daily milk yield
weights and no grain was fed to dry cows.
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Table 17.

Typical grain rations utilized during the three feeding
regimes

Ingredients

-

Cottonseed meal (41%)

Regime
II

I
-

450

Soybean oil meal (44%)
Urea "262"
Corn feed meal

300

Crimped Oats

400

Ground ear corn

-

-

III

- -(lb)- - - - - - 150

200

300

200

20

20

400
970
1320

Ground shelled corn
Hominy feed

200

Molasses

300

Wheat bran

250

100

200

40

Dicalcium phosphate
Oyster shell flour

60

20

Rock phosphate (defluorinated)

20

20

Salt (granulated)

20

20

20

2000

2000

2000

Total
Analyses 1/

1/ Contain

16%

18%

not less than specified percentage of crude protein.

16%
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Table 18.

Dally grain feeding schedule for Holstein and Jersey lac
tating and dry cows by feeding regimes
Regime
II

III

HOLSTEIN
Lactating
1:4 up to 40 lb M
1:3 above 40 lb M

1/

1:4 up to 40 lb M
1:3 above 40 lb M

1:4 up to 24 lb M
1:3 from 24 to 54 lb M
1:2 from 54 to 74 lb M
1:1.5 from 74 to 96 lb M
1:1 above 96 lb M
45 lb maximum grain

Dry cows
No grain fed

4 lb daily up to 30
days prior to calv
ing and then 6 lb
daily

7 lb daily 30 to 20 days
prior to calving
10 lb daily 20 to 10
days prior to calving
1.25 lb/100 lb body
weight
10 to 0 days
prior to calving

JERSEYS
Lactating
1:3 lb M

1/

1:3 up to 40 lb M
1:2 above 40 lb M

1:3 up to 18 lb M
1:2.5 from 18 to 28 lb M
1:2 from 28 to 50 lb M
1:1.5 above 50 lb M
35 lb maximum grain

Dry cows
Same as Holsteins

Same as Holsteins

Same as Holsteins

1/ Lactating cows fed on the basis of the ratio of pounds of feed to
pounds of milk.
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The grain ration was Increased to 18 per cent crude protein
from 1959 to 1963 (Regime II).

It was fed at the same level as in

Regime I with the exception that the Jerseys received 1 pound of grain
for each 2 pounds of milk produced (1:2) above 40 pounds of milk.

Dry

cows were fed 4 pounds of grain daily up to 30 days prior to calving
at which time it was increased to 6 pounds daily.
A pelleted grain ration containing urea (1 per cent) was uti
lized during 1963 to 1969 and the specified crude protein was 16 per
cent.

Lactating cows were fed grain on a sliding scale as outlined

in Table 18.

A maximum level of grain was established for Holsteins

and Jerseys at 45 and 35 pounds, respectively.
cows early in lactation,

With the exception of

the schedule of grain feeding outlined above

applied to all cows.
A system known as "challenge" or "lead" feeding of

fresh cows

was practiced which involved increasing grain consumption to the point
that as of the day of calving the cow received 1.25 pounds of grain
per 100 pounds of body weight.

This rate was rapidly increased during

the first week to about 10 pounds of grain more than her schedule of
grain feeding would have been according to her level of milk produc
tion.

This level of grain feeding was continued until she reached

her peak milk yield.

At this point,

the rate of grain feeding was re

duced to about 5 pounds over her requirements and continued at this
rate for at least two additional weeks.

After this, her rate of grain

feeding was gradually reduced to the schedule recommended.
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The dry cows and bred heifers were placed on grain feeding 30
days prior to calving.

These cows were fed grain according to the

schedule in Table 18.

B.

1.

Scope of the Data and Measures of Response

Number of Records and Periods of Study
Data used in this study to investigate the genetic aspects asso

ciated with the three different feeding regimes consisted of the rec
ords of 107 Holsteins and 26 Jerseys that could meet the restrictions
established.

In order for a cow to be included in the data she must

have initiated one or more production records in at least two of the
feeding regimes.

The date of calving was used as the basis for deter

mining the regime period.

All records were screened and only those

classified as normal or projected satisfactory were used.

Table 19

shows the distribution of cows by regime combinations and the number
of records
any

in each feeding regime.

In this study a cow was placed in

regime combination provided she had performed in the respective

feeding regimes.

Table 19.

Number of cows and records by regime combinations

Regime
combination

Number of
cows

Number of records in regime
III
II
I

Holsteins
I, II and III
I and II
II and III

36
169

17
59
67

43
120
115

29
158

Jerseys
I, II and III
I and II
II and III

7
18
15

16
54

18
40
33

15
32
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The economic phase of the Investigation utilized production
data on all cows performing in the herd during the period of study.
Lactating cows at the beginning of the study were considered as dry 55
days prior to the date of calving in 1955.

Heifers were entered as an

economic unit 55 days before calving and were considered as dry cows.
Cows in the herd at the conclusion of the study were not terminated
until the end of their lactation.
data used in the economic study.

Table 20 presents the scope of the
A total of 386 Holstein and 106

Jersey cows was available for this investigation.

The distribution

of cows by feeding regime as shown in Table 20 includes duplication
when a cow performed in more than one feeding regime.

Holstein and

Jersey cows averaged from a low of 2.21 to a high of 2.68 cow-years
per regime.

Table 20.

Distribution of the economic data

S tatistic

Regime
II

I

III

Holsteins
Number of cows
Average cow-years _1/

147
2.55

156
2.21

257
2.68

Jerseys
Number of cows
Average cow-years

42
2.61

_!/ Cow-year * cow performance for 365 days.

44
2.25

67
2.49

70
2.

Measurement of Production Traits
The herd had been milked by machine in a milking parlor through

out the entire period of this investigation.

Provisions were available

for outside feeding, and more recently semi-automatic feeding equip
ment has been utilized.
a.

Milk Production
Individual cow milk production records were compiled

result of daily a.m. and p.m. milk weights
tenth (0.1) of a pound.
the study.

as a

recorded to the nearest

All cows were milked twice daily throughout

Intervals of time for milking were generally 10 to 12

hours for the short interval and 12 to 14 hours for the long inter
val.
days.

Records utilized in the genetic phase were terminated at 305
Holstein records were usually terminated at less than 305 days

when the daily production dropped below 12 pounds and Jersey records
were discontinued at daily levels of production below 8 pounds.

A

small number of records were projected to 305 day values due to fac
tors such as death while in production or sold in milk.

DHIA factors

for projecting incomplete records to 305 days were used (93).

These

factors became available July 1, 1965, and

are used in U.S.D.A. sire

and cow evaluations to standardize records

for days in milk.

Production records utilized in the economic phase were total
cow-year values for each individual animal expressed as an average
cow-year value.

A cow-year is defined as the performance of the cow

throughout the total days in the year.

No records were projected

since production values were computed on the basis of cow-days in
the herd.
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b.

Mllkfat Production
The Holstein and Jersey herds have been on continuous offi

cial herd testing as was previously discussed.

Milk weights and a

composite 24-hour milk sample for milk fat percentage determination
were collected monthly by the testing supervisor.

Centering date for

the collection of these data was near the 15th of each month.

The

percentage of milk fat in the composite sample of fresh milk was d e 
termined by the standard Babcock procedure (7).

Total monthly milk

production as accumulated by daily milk weights was used with the
milk fat percentage determined on the test day to calculate the
monthly milk fat production.

c.

4 Per cent Fat-Corrected-Milk Production
Milk yields were calculated on a 4 per cent FCM basis for

both the actual and mature equivalent 2 X-305-day production for the
genetic investigations.

All of the economic results were obtained

by using production values in terms of 4 per cent FCM.

The method of

Gaines (55) was used to determine the FCM production and the formula
used is as follows:
FCM = .04 (M) + 15 (F)
where:

FCM = 47« fat-corrected milk
M = milk yield in pounds
F * fat yield in pounds
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3.

Economic Data
A set of current prices for feed and milk at the termination of

the study were used as constants for the entire period.
were used to compute feed costs,
cost.

The values

gross income, and income over feed

Milk was priced in accordance with the Louisiana pricing

formula where the base price is quoted for 4 per cent fat.

All pro

duction values were equated to 4 per cent FCM for convenience in d e 
termining total milk receipts.

The base price was arrived at by

estimating that 78 per cent of the fluid milk was utilized as Class I
($7.80/cwt) and 22 per cent was utilized as Class II ($4.50/cwt)
which is the method of pricing referred to as the blend price.
Table 21 itemizes the prices used for milk and feed cost for
the various forages, pastures, and grain ration.

It will be noted

that pasture costs were estimated on a cow per month basis according
to the number of days utilized which were determined from Tables 11 16.

A full day was considered to be four or more hours.

Cost values

for the temporary and permanent pastures were scaled according to the
quality score of the pasture at the time of grazing.

The scoring

system has previously been discussed in the section dealing with the
pasture evaluation system.

The method of arriving at pasture cost

utilized by the Dairy Herd Improvement Association (41) was the basis
for the values shown in the table.

This system is based on cost a c 

count studies which have shown that a logical charge for pasture is
one-half the price of its hay-equivalent at hay-replacement value.

Table 21.

Milk price and feed costs for the various forages, pastures and grain ration

Milk price = $7.09 per 100 lb milk (blend price for 4% m i lk).
Grain * $61.00 per ton

Silage = $10.00 per ton

Hay:

Soilage = $4.00 per ton

Alfalfa * $45.00 per ton
Grass * $25.00 per ton
Pasture Costs 1/

Quality
Excellent (E)
Very good (VG)
Good (G)
Fair (F)
Poor (P)

1/ Cost per month.
7^1 4 hours or more

Temporary pasture 2/
$12.00
$10.00
$ 8.00
$ 4.00
$ 2.00

daily considered a full day.

Permanent pasture
$8.00
$6.00
$4.00
$2.00
$1.00
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Income and costs were summarized individually and monthly on a
cow-year basis for the respective feeding regimes.
sidered were gross income,

feed costs

Variables con

(grain, hay, silage, soilage

and pasture) and income over feed cost.

4.

Data Recording
Lactation milk and milk fat yields used in this genetic study

were obtained from the lifetime production summary maintained in the
L.S.U. permanent herd files for each cow.

Milk and milk fat produc

tion values were the cumulative results of daily a.m. and p.m. milk
weights and monthly testing.

Production data and various other per

tinent information were entered in the appropriate column of the IBM
code sheet as presented in Table 22.

Table 22.

IBM card format - genetic

Information

Columns on card

Cow number

1-3

\/

4

Breed

5

Feeding regime

2/

6-8

Age in months

9-13

Actual milk production
Actual milk fat production

17-21

Actual FCM production

22-26

2 X-305-day M.E. milk production

CM

O'
CM

2 X-305-day M.E.

fat production

30-34

2 X-305-day M.E.

FCM production

35-36

Year of calving

1
r*.

14-16

1/ Holstein
Jersey

= 1
= 2

2/ Regime

I
=1
Regime II = 2
Regime III = 3
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The production data utilized in this economic study were o b 
tained from the lactaticn records maintained in the permanent L.S.U.
herd files for each cow. Lactation production was summarized into
monthly values

cumulative throughout

the lactation.

The yield of

actual milk produced and milk fat was posted for the respective month
on a prepared form (Appendix Table 3) used for each cow.

Total monthly

grain feeding was determined for each lactating animal according to the
grain feeding program set forth in Table 18 as applied to the total
actual milk production for the month.

Grain feeding based on mature

equivalent production was calculated in the same manner.

Allowance

for dry cow grain was provided for according to the rate specified in
Table 18.

The respective quantities or values for forages were com

puted on a monthly basis by the use of the daily forage feeding pro
gram tables (Tables 11 - 16) previously discussed.
The yearly milk and milk fat production, gross income,

feed cost,

and income over feed cost were determined from the monthly values.
data sheet was

treated as a cow-year

unit or fraction thereof, which were
illustrated by Appendix Table 4.

Each

and total values expressed as a
accumulated on a summary form as

A mean cow-year value was obtained

for all variables on an individual cow basis for the feeding regime or
regimes in which she had herd life.

The IBM card format used for re

cording the economic variables is shown in Table 23.
Individual production records, economic data, and other perti
nent information were recorded on the IBM code sheets and placed on
IBM cards in order to be subjected to statistical analyses.

A duplicate
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set of cards was provided and placed on file so that they might be
available for future Investigations.

Table 23.

IBM card format - economic

Information

Columns on card

Cow number

1-3

1/

4

Breed

5

Feed regime

If

FCM production

6-10
11-15

Grain cost

16-20

Silage cost

21-25

Hay cost

26-29

Soilage cost

30-33

Pasture cost

34-38

Total feed cost

39-44

Gross income

45-50

Income over feed cost

1/ Holstein = 1
Jersey
= 2

C.

2/ Regime I
= 1
Regime II = 2
Regime III = 3

Statistical Standardization of the Milk
and Milk Fat Records

Production records were compiled on the basis of daily milk
yield and monthly HIR, DHIA and DHI milk fat tests.

Frequency of

milking was on a 2X basis for the entire period of the study.

Normal

as well as the projected records were used for the genetic study.
records,

All

including those used in the genetic study, were used in the

economic investigations.

Three types of production records were used
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in the statistical analyses:
2X-M.E.

2X-305-day M.E.

(mature equivalent),

(all records), and 2X-Actual (all records).

Lifetime produc

tion was expressed in terms of cow-years with the calendar year (365
or 366 days) being considered as one cow-year.

Production was ex

pressed as 4 per cent FCM according to the method of Gaines
facilitate pricing.

(55) to

The data were grouped into three periods which

have previously been discussed before any preliminary analyses were
made.
Production values were converted to a mature basis by the
method of McDaniel et al.

(94).

These factors are considered to be

more accurate than those formerly used because they take into account
the effects of region, season, milk, and fat as well as those due to
breeds.

The major purpose of these adjustment factors is to remove

the variation arising from age differences among cows that calved in
the same herds in the same year and season.

Research has shown that

age adjustment factors vary substantially between breeds, season of
calving, geographical areas of the U.S., and between milk and milk
fat yield.

These variations seem large enough to justify independent

sets of age conversion factors for milk and milk fat.

D.

A r ran ge me nt and D es cr ipt io n of Data

The milk and milk fat yield records of 107 Holstein and 26
Jersey cows were arranged according to feeding regime, and used to.
determine a summary of herd averages for the production variables.

A

total of 670 and 208 lactation records was available for the Holstein
and Jersey breeds,

respectively.
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The following preliminary analyses were conducted on the lac
tation data during the entire period (1955-1969)
and Jersey herds:

for both the Holstein

average 2X-305-M.E. production of cows under all

three regimes, average 2X-305-M.E. production of cows under Regimes I
and II, and the average production of cows under Regimes II and III.
In a ddi ti on

to the mean values ob tained

in these p reliminary analyses,

standard deviations and coefficients of var ia ti on w er e computed for
the m i l k and m i l k fat yields

for cows on Regimes I, II and III a c c o r d 

ing to the methods des cribed by S ne decor (136).

The Holstein and Jersey cows performing in all regimes were
ranked according to milk production by regime and also on the basis
of average records for all regimes.
2X-305-M.E. milk yield.

Ranking was on the magnitude of

The purpose of this arrangement of cows was

to determine if there would be any noteworthy shifts in ranking.
Preliminary analyses were compiled for cow-year 4 per cent FCM
production, gross income, feed cost, and income over feed cost.

Hol

stein and Jersey cows that were present in all three regimes were in
cluded in this analysis.

Means and standard deviations for the

economic variables for all Holstein and Jersey cows were also deter
mined by the method of Snedecor (136).

E.

S tatistical Analyses

The selection of g en et ic all y s up erior individuals

to become

the

parents of the next ge neration m a y be less effective when e n v i r o n m e n 
tal conditions are present which
values.

Therefore,

tend to obscure

it is h i g h l y desirable

the actual br eeding

to eliminate as much as
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possible the effects of these environmental factors on the total pheno
typic variation before proceeding with the analysis of the data.

This

can largely be accomplished by including these factors simultaneously
in the mathematical model.

This should eliminate that part of the

total variance attributed to their influence.
Disproportionate subclass numbers were present in the data and,
in some cases,

it was not possible to include all factors investigated

in the same model because of the enormous size of the resulting matrix
which needs to be inverted.

Therefore,

it was necessary to absorb a

certain factor or factors within another factor in the model for some
of the analyses.
The method of analysis used in this study is the least squares
method outlined by Harvey (61).

This method consists of fitting con

stants for each of the independent variables.
with the exception of random error.

All effects were fixed

The following basic statistical

model was used for each analysis in the genetic studies:
Y ijk =
where:

* + Ci

+ R j + <C R >ij + E ijk

Y ijfc = t*ie
lactation (2X-305-day-M.E.) in the
R class (feeding regime) and the i**1 C class
(cow).
U- = overall mean with equal subclass numbers*
= the effect of the i fc^ C class (cow) as a devia
tion from the overall mean.
Rj = the effect of the
R class (feeding regime)
as a deviation from the overall mean.
(CR)

= additional effect due to the i ^ C class and j ^
R class after
and Rj have been accounted for.
= random errors which are assumed to be NID (0, o ^ ) .
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The economic data were analyzed by least squares procedures

to

determine if there were significant differences due to feeding re
gimes.

The basic statistical model used in the separate analyses

was:
Y ij - * +
where:

R t + E tJ

Y, . = the j ^ 1 cow-year variable (FCM, grain, pasture,
total feed, gross income, and income over feed
cost) .
U. = overall mean with equal subclass numbers.
= the effects of the i c^ R class (feeding regime)
as a deviation from the overall mean.
Eji = among cows within feeding regimes which are
assumed to be NID (0, o ^ ) .

Constants were estimated and fitted from each analysis in
order to obtain an estimate of the mean for the main effects.

Stand

ard deviations and coefficients of variation for selected variables
were computed according to the methods described by Snedecor (136).

IV.

RESULTS AND DISCUSSION

A.

Production Data

In the initiation of this research it was as sumed
of the same genotypes

(cows)

regimes) w o u l d be a rigid

that the use

across a series of environments

(feeding

test for evidence of a g e n o t y p e - e n v i r o n m e n 

tal interaction of m i l k p ro duction

traits of dairy cattle.

siana State U niversity Ho lstein and J e r s e y herds provided
data for such an investigation.
es se nt i a l l y a closed herd since

The L o u i 
the unique

Ea ch of these herds has remained
their establishment as referred

the section de aling w ith he rd history.

to in

The dairy p ro gr am at L.S.U.

has e xperienced a period of e volution dur in g which

time feeding p r a c 

tices h a v e changed from a pa st ur e-oriented syst em to a mod i f i e d drylot
s ys t e m and finally to a h i gh ly au tom at ed drylot sys t e m e mp hasizing a
h ea v y rate o f grain feeding.
experienced he rd

Thus, a large number of the animals h a v e

life in two environmental periods,

of animals have been

in all three clearly defined environments.

si tuation occurred he re where it was possible
analyses on a breed basis
type-environmental
genotypes we re
II, and

III;

II and III.

and a small num be r

to assess

to conduct three separate

the extent and importance of g e n o 

interactions between the same genotypes.

in separate regime combinations:

those in only Regimes

A

animals

These

in Regimes

I,

I and II; and cows in only Regimes

Production data were ava ilable from the H o l s t e i n and
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Jersey herds on the basis of 2X-305-day M.E. values for milk,

fat,

and FCM to conduct the various preliminary and statistical analyses.

1.

Averages for All Traits Studied
The cows used in this study represented a broad genetic base

as a result of breeding programs followed in the two herds.

Averages

of the productive traits on the performance of the cows are given in
Tables 24, 25, and 26.
The breeding history of the L.S.U. Holstein and Jersey herds
shows that previous to the advent of A.I.
tially two-bull breeding units.

(1946)

the herds were essen

Two older bulls were used extensively

and young sires received limited service in both breeds.

This largely

accounts for the fact that in both the Holstein and Jersey herds a
large number of animals were descendants of these original bulls.
Jersey herd has continuously used sires through A.I.

The

from the Loui

siana State University Dairy Improvement Center since 1946.

Breeding

practices in the Holstein herd were similar to those of the Jerseys
until 1957, which marked the beginning of the Holstein research pro
ject.

The initial objective of this project (Project No. 946 -

"Breeding Dairy Cattle for Adaptability in the Gulf Coast Area") was
to establish a broad genetic base by using many outstanding progeny
tested sires on the foundation cows selected for the project.

These

bulls were located in bull studs throughout the U. S. and frozen
semen was obtained for their use in the herd.

Thus, a large number

of the Holstein cows used in this study were daughters of outstanding
A.I. progeny tested sires.

Table 24.

Regime

Summary of 2 X - 3 C 5 “day M.E. production and measures of variation of Holstein and Jersey cows
under all three regimes
Number
records
cows

Milk

Production
Fat
----------- (lb;------

FCM

Milk
fat

a)

Holsteins
9,559(1,546-16.2)“ ^

3.40

I

17

36

II

17

43

13,372(1,926-14.4)

475(64-13.5)

12,474(1,629-13.5)

3.55

III

17

29

16,256(2,358-14.5)

534(59-11.1)

14,519(1,680-11.7)

3.28

325(37-11.4)

8,699(974-13.1)

Jersevs
I

7

16

6,467(662-10.2)

338(39-11.6)

II

7

18

8,595(786-9.1)

443(56-12.6)

10,083(977-9.9)

5.15

III

7

15

9,471(1,117-11.8)

480(83-17.3)

10,988(1,599-15.1)

5.07

7,657(866-12.8)

5.23

-' a 11 values in parenthesis are arranged as standard deviations and coefficients of variation.
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Table 25.

Regime

Summary of 2 X-305-day M.E. production and measures of variation of Holsteins and Jersey
cows under Regimes I and II
Humber
cows
records

Production
Fat

Milk

FCM

-------- (lb;---------

■

Milk
fat

___ (
°j\

Holsteins

I

59

169

10,125(1,771-17.5)1/

342(53-15.5)

9,180(1,564-19.3)

3.38

II

59

120

13,148(1,842-14.1)

464(64-13.8)

12,219(1,672-13.9)

3.53

Jersevs

I

18

54

6,514(1,004-15.4)

334(51-15.3)

7,616(1,220-17.6)

5.13

II

18

40

8,632(1,218-14.1)

436(69-15.8)

9,993(1,454-14.8)

5.05

— ^All values in parenthesis are arranged as standard deviations and coefficients of variation.
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Table 26.

Sunmary of 2 X-305-day M.E. production and measures of variation of Holsteins and Jersey cows
under Regimes II and III
Number

Regime

cows

records

Production
Fat

Milk

FCM

Milk
fat

Holsteins

II

67

115

13,438(2,035-15.1)^

470(73-15.6)

12,425(1,823-16.8)

3.50

III

67

158

15,547(2,329-15.0)

508(74-14.6)

13,839(2,042-15.2)

3.27

Jersevs

II

15

33

8,395(870-10.4)

422(47-11.1)

9,688(1,247-13.7)

5.03

III

15

32

9,291(1,435-15.5)

450(80-17.8)

10,466(1,741-17.1)

4.84

— ^All values in parenthesis are arranged as standard deviations and coefficients of variation.

00
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It will be noted in Table 24 that 17 Holstein and 7 Jersey

cows established one or more lactation records in all three of the
feeding regimes.

The Holsteins compiled a total of 108 lactation

records while the Jerseys completed 49 records.

Milk production for

the Holsteins ranged from 9,559 pounds in Regime I to a high of
16,256 pounds in Regime III.

Milk fat production of the same cows

followed a similar trend ranging from 325 pounds in the first regime
to 534 pounds in the third regime.

It is of interest to note that

the milk fat percentage was quite variable with values of 3.40, 3.55,
and 3.28 per cent for Regimes I, II, and III. respectively.

The low

value of 3.28

per cent for Regime III is not surprising since this

is the period

during which the greatest amount of grain was fed to

the lactating

animals. This is in agreement

other workers

(16, 21,

with the results of

28) who have reported a depression in milk fat

percentage when high-level concentrate feeding was practiced.

Stand

ard deviation increased progressively from one regime to another and
this was most likely due to the fact that improvement in feeding re
gimes allowed cows with the genetic potential for high production to
more nearly express their abilities.

Coefficients of variation re

mained moderate (11.1 to 16.2) and fairly uniform across feeding re
gimes.

The production of FCM was about 1,000 pounds less than the

milk yield for Regimes I and II

However, during the third regime,

the FCM value decreased 1,737 pounds from the 2X-305-day M E. yield
as a result of the low fat test (3.28 per cent).
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The step-like increases that occurred in milk yield (Regime II
over I - 3,813 pounds and Regime III over II - 2,884 pounds)

from one

regime to the following indicates that the Holstein herd was being
underfed and that it was a critical situation in Regime I.

It is also

probable that feeding conditions established during Regime III did not
reach an optimum level for the average genetic merit of this herd in
terms of milk yield.
of Gross

These results are in good accord with the work

(57) who concluded that underfeeding is most generally asso

ciated with those programs that depend heavily upon pasture as a source
of nutrients.

It should also be pointed out that the overall differ

ence found in the present study for the Holstein herd was 6,697 pounds
of additional milk produced during Regime III as compared to Regime I.
This increase in production represents an additional gain of $473.85
in milk receipts on a lactation basis

under the pricing

conditions

used in this study.
The data assembled by King (81) can be used for comparing the
performance of the cows

in Regime III since it represents breed aver

age values compiled for

the 1971 test year (May 1, 1970

1971).

to April 30,

It can be seen in Table 4 that the breed average production

on a herd basis for Holsteins

(2X-305-day M E . )

was 13,284 pounds of

milk and 487 pounds of fat resulting in a fat test of 3.66 per cent.
Thus,

the Holstein cows in the current study during Regime III pro

duced well above the national average for Holsteins with the exception
of the fat test in which they were lower by 0.38 per cent.
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Table 24 itemizes the production values for Jersey cows per
forming in all three regimes.

Milk production (2X-305-day M.E.) was

established at 6,467, 8,595, and 9,471 pounds for Regimes I, II, and
III, respectively.

Trends and variability within the Jersey herd

were very similar to those of the Holstein herd for Regimes I and II.
However,

the Jerseys did not continue to show the magnitude of response

from Regime II to III (876 pounds) as was found between Regime I and
II (2,128 pounds).

This relationship is further verified by the asso

ciation between FCM for the regimes which was 7,657,
10,988 pounds,

respectively.

10,083, and

The most logical reason for this situa

tion seems to be that the maximum response from the Jerseys was ob
tained under conditions of Regime II which indicates that their genetic
potential was realized.

Thus,

further response would not be expected

in Regime III.
It is not too surprising that this situation developed within
the Jersey herd when the breeding practices used in the herd are re
viewed.

The major difference here involved the continued use of sires

through A.I.

from the L.A.B.C. while the Holstein herd was basically

bred to top ranked A.I. sires from throughout the U. S.

However,

it

should be pointed out that only seven Jersey cows were available for
this analysis with a total of 49 records.

Perhaps additional cows

and records would have shown some changes.
King (81) has shown that the national breed average production
for Jersey herds during the 1971 test year was 8,738 pounds of milk
along with 441 pounds of milk fat resulting in a fat test of 5.05
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per rent.

The Jersey herd in this study during Regime III averaged

9,471 pounds of milk testing 5.07 per cent fat with a milk fat yield
of 480 pounds.

Thus,

the L.S.U. Jersey herd during the last period of

the study produced levels slightly higher than the 1971 national aver
ages.

Tables 25 and 26 show the performance of Holstein and Jersey

cows by regime combinations of I and II, and II and III.

It will be

noted here that a much larger number of cows and records (Regime I and
II - 59 Holsteins and 18 Jerseys, Regime II and III - 67 Holsteins and
15 Jerseys) was available for these analyses.

The results of these two

analyses are in very close agreement with the findings shown in Table
24, where all three regimes were included.

Therefore,

the conclusion

can be drawn that the data presented in Table 24 and previously dis
cussed, are valid estimates of the differences in production traits of
the Holstein and Jersey cows included in this study under three differ
ent systems of feeding.

2.

Lactation Production
Lactation yield of milk,

fat, and F(H for the Holstein and Je r 

sey herds is shown in Tables 27, 28, and 29.

These three analyses

represent the various regime combinations of the study and were ana
lyzed separately by least squares procedures according to the linear
model previously described.
dependent variables.

Constants were fitted for each of the in

It will be noted that a great deal of similarity

exists between the least squares estimates and the unadjusted mean
values which were previously discussed.
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Table

27.

Least squares means for feeding regimes of Holsteins and
Jerseys with records in all regimes (2 X-305-day M.E.)

Classification

Number
Cows
Records

Production
Fat
Milk
— (lb)—

FCM

Holsteins
Overall

(p.)

17

108

13,067

450

12,111

I

17

36

-3,507

-112

-2,879

II

17

43

304

30

481

III

17

29

3,203

82

2,397

Regime

Jersevs
Overall (p.)

7

49

8,178

420

9,603

I

7

16

-1,709

-77

-1,874

II

7

18

417

26

651

III

7

15

1,293

51

1,204

Regime
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Table 28.

Least squares means for feeding regimes of Holsteins
and Jerseys with records in Regimes I and II
(2 X-305-day M . E . )

Classification

Number
Cows
Records

Production
Fat
Milk
FCM
- - - - - —
(lb) —

Holsteins
59

289

12,108

404

10,963

I

59

169

-964

-57

-1,253

II

59

120

964

57

1,253

Overall (u)
Regime

Jersevs
Ove ra 11 (jx>

18

94

7,571

388

8,881

I

18

54

-947

-41

-1,030

II

18

40

947

41

1,030

Regime
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Table 29.

Least squares means for feeding regimes of Holsteins
and Jerseys with records in Regimes II and III
(2 X-305-day M . E . )

Classification

Cows

Number
Records

Milk

Production
Fat
—
(lb) —

FCM

Holsteins
Overall (ji)

67

273

14,709

501

13,418

II

67

115

-1,044

-15

-644

III

67

158

1,044

15

644

Regime

Jersevs
Overall (ji.)

15

65

8,843

442

10,206

II

15

33

-448

-6

-215

III

15

32

448

6

215

Regime
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Table 27 shows

the mean estimates for the Holsteins

to be 9,560,

13,371, and 16,270 pounds of milk for Regimes I, II, and III, respec
tively.

The corresponding values for the Jersey cows in each regime

were 6,469, 8,581, and 9,471 pounds.

Mean squares and test of sig

nificance for feeding regime are presented in Table 30.

It will be

noted that differences among feeding regimes for milk production of
cows in all three regimes was highly significant (P < 0.01). Estimates
for milk fat and FCM follow the same upward trend as milk yield, and
all tests of significance were highly significant (P < 0.01).
Least squares estimates for the production variables of the
Holstein and Jersey cows with records only in Regimes I and II are in
Table 28.

The mean estimate for milk yield in Regimes I and II was

11,144 and 13,072 pounds for the Holstein and 6,624 and 8,518 pounds
for the Jersey cows.
cant (P < 0 . 0 5 )
the Jerseys.

The effect of regimes on milk yield was signifi

for Holsteins and highly significant (P <

0.01)

for

The differences in milk fat and FCM yield for each breed

with records in Regimes I and II were found to be highly significant
(P < 0.01).
The results of the mean estimates for lactation traits of cows
in Regimes II and III are shown in Table 29.

Milk yield means for the

Holsteins were estimated at 13,665 and 15,753 pounds, and the Jersey
level at 8,395 and 9,291 pounds for the regimes.

The mean square v a l 

ues from Table 30 indicate highly significant (P < 0.01) regime effects.
Milk fat and FCM yield for the Holstein cows continued to show an up
ward trend due to regime effects which were highly significantly
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Table 30.

Breed
and
Trait

Summary of analyses of variance for feeding regime
effect on production traits (2 X-305-day M.E.)

Regime Combinations
I and II
------------ ---- ---(Mean squares)---— -

I. II. and III

II and III

Holstein
Milk

265,322,476^

190,783,827^

229,731,099^

Fat

252,855^

671,909^

50,902^

FCM

19 5 , 4 5 7 , 7 1 7 ^

322,487,858^

87,211,025^

24,643,584^

64,301,591^

10,303,523^

Fat

55,895**

125,334^

2,070NS

FCM

30,623,413^

76,069,899^

2,383,717NS

Jersey
Milk

♦Significant at 57. level of probability.
♦♦Significant at 17. level of probability.
NS * Not significant.
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(P < 0.01) different in both cases.

The Jersey cows did not show an

upward trend in milk fat and FCM production from Regime II to III.
This can readily be seen by the magnitude of the constant estimates
for fat and FCM in Table 29.

Thus,

regime effects were not statisti

cally different for fat and FCM yield in the Jersey cows of these re
gimes.

This is in good agreement with the unadjusted averages presented

earlier which shows that the Jersey herd reached a peak in lactation
yield during Regime II, and thereafter continued without much change.

3.

Interaction Estimates
The potential importance of genotype-environmental interaction

has been recognized for a long time as a possible source of variation
in production traits of dairy cattle.

However,

there is not a great

deal of information available to substantiate the role that these type
interactions might have in selective breeding programs.
investigators (63, 87, 90,

A number of

112, 123, 142) have used DHIA or comparable

field data to assess the importance of sire-herd interactions and most
have been plagued with the problem of many sire by herd subclasses not
being filled.

The data used in this study to obtain an estimate of

the importance of the interaction had two advantageous characteristics
which are:
1)

animals used in the various analyses or regime com
bination had the same genotypes across regimes, and

2)

the problem of absent subclasses did not exist.

Least squares estimates for the means are given in Tables 27,
28, and 29 and have previously been discussed.

Results of the analyses
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of variance are summarized in Table 31.

Regime differences were gen

erally large for all of the productive traits (milk,

fat, and FCM)

and indicative of the nutrient inadequacy of the pasture-oriented
feeding regime (I).
Table 31 shows that the cow-regime interaction term did not
approach significance for milk,

fat, or FCM in the Holstein herd irre

spective of regime combination.

The results obtained from the analy

ses of the Jersey herd data are in very good agreement with one
exception.

The interaction term for milk yield of Jersey cows in

Regimes II and III was significant (P <

0.05).

This is not too sur

prising since the Jersey herd did not show productive responses to
the feeding program of Regime III.
The results of the analyses seem to justify the conclusion that
under the conditions of this study variation attributed to cow-regime
interaction is negligible and would pose few problems in selective
breeding programs.

Thus, on the basis of consistent information in

the literature and the results of this study,

it seems in order to

support the concept that many breeders of dairy cattle are now
voicing and that is "good genes are where you find them."

This applies

specifically to environmental differences of the magnitude that have
been reported in the literature concerning dairy cattle adaptability
for productive performance and the range of environmental differences
investigated in the current study.
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Table

31.

Breed
and
Trait

Summary of analyses of variance for the interaction of
cows by regimes for production traits (2 X-305-day M.E.)

I. II. and III

Reeime Combinations
I and II
/• m
\

II and III

Holstein
1,784.301NS

36,364,529NS

2 , 110.022NS

Fat

2.597NS

2 ,559NS

2 ,991NS

FCM

1,478,741NS

13,816,881NS

1,827,323NS

5 8 5 ,934NS

1,230,498NS

Fat

1.653NS

3,216NS

FCM

770,647NS

Milk

Jersey
Milk

1,576,149NS

*Significant at 5% level of probability.
NS = Not significant.

1,014,391*
2 ,369NS
1,119,224NS
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4.

Application
The average production of Louisiana cows on official testing

has climbed to a value of 10,538 pounds of milk for 1971 (122).

Na

tional DHIA averages for milk production now stand at 13,284 pounds
for Holsteins and 8,738 pounds for Jerseys on a herd basis (81).
Therefore,

it behooves dairymen and animal breeders to consider any

and all aspects of breeding,

feeding, and management that will aid

in continuing this upward trend.
Many dairymen have the opportunity through planned matings to
produce young bulls that could be used in sire sampling programs of
A.I. organizations.

The choice of a sire to use in these planned

matings is not too difficult with the wide-scale use of A.I. which
has resulted in early and accurate estimates of the breeding value
of a bull.

However,

in many instances the dairyman is faced with

limited and sometimes confusing information in the choice of a dam.
The Holstein and Jersey cows used in this study with herd life
in all three feeding regims were ranked by regimes and average record
on the basis of milk yield (2X-.305-day M.E.).

Results of these rank

ings are shown in Table 32 for the Holsteins and Table 33 for the
Jersey cows.

It can be seen that there is general agreement in the

rankings for the Holstein and Jersey cows.

However,

there are a few

noteworthy shifts in ranking such as Holstein cows 400 and 435, as well
as Jersey cow F-75.

These results are in good agreement with the study

of Richardson et al.

(127) where they ranked sires on the basis of fat-

corrected-milk production of their daughters on an all forage ration
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Ranking by feeding regime and average record for Holstein
cows occurring in all three regimes on the basis of milk
yield (2 X-305-day M . E . )
Feeding Regime________
Average
I____________ II___________ III_____________ record
N-l

8

12

11

14

265

14

13

12

15

307

3

5

5

9

349

6

3

1

4

377

7

11

8

11

378

9

7

6

10

390

13

9

13

8

394

11

8

10

6

400

16

6

7

7

412

5

1

4

2

415

15

15

15

13

419

12

17

16

17

429

1

2

2

1

435

4

14

9

12

446

10

10

14

5

449

2

4

3

3

458

17

16

17

16
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Table 33.

Cow
number

Ranking by feeding regime and average record for Jersey
cows occurring in all three regimes on the basis of
milk yield ( 2 X-305-day M.E.)

I

Feeding Regime
II

III

Average
record

F- 75

3

7

7

6

F- 79

4

4

4

3

F-92

1

2

1

2

F-96

5

3

5

5

G-48

2

1

3

1

G-59

7

6

6

4

H-80

6

5

2

7
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or a forage ration plus grain at the same location.

They found the

ranking of sires to be similar on both rations and concluded that the
importance of the interaction was of no significance.

The researchers

stated that although daughters of individual sires may perform better
on one type of environment than another,

the overall importance of

genotype by level of nutrition interactions is probably negligible
within the range of conditions of commercial dairying in the U. S.
Thus,

it appears that although some cows may perform better on one

type of feeding regime than another the overall importance of genotypelevel of nutrition interaction is of little significance when evaluated
by the use of the same genotypes.
Statistical analyses of the production data for milk,

fat, and

FCM yield shows no significant cow-regime interaction effects as esti
mated by the magnitude of the mean squares for the interaction source
of variance of the respective traits.
the mean square estimates.

Table 31 presents a summary of

The Jersey cows show one exception where

milk yield for cows in Regimes II and III was significantly (P < 0.05)
different.

No apparent explanation is noted for this other than the

finding of a highly significant (P < 0.01)

linear and significant

(P < 0.05) quadratic regime effect on milk yield for the Jersey cows
as shown in Appendix Table 5.
The results of this study agree with several genotype-environ
mental studies on production traits in dairy cattle (59,
42).

75, 87, 99,

Scant information is available where the same animals

types) have been used in Investigations of this type.

(geno

Hancock (59)
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used 15 pairs of identical twins in a cow-nutrltion study and found
marked differences between the groups in yield of milk without any
evidence of genotype-environmental interactions.

B.

R elative Economics of Feeding Regimes

Commercial dairying is rapidly changing in the Gulf Coast area
of the U. S. from a traditionally pasture-oriented feeding program to
a more intensified drylot type operation.

Economic factors have

forced those dairymen staying in business to expand their herds and
to become more efficient in their total dairy program.

The national

average herd size for all cows on DHIA test during the 1970-1971 year
was 62.2 cows which is a 100 per cent increase over the past 15 years
(81).

The average herd size in several states is well over 100 cows.

This trend will likely continue for some time.

Therefore,

the need

for improved knowledge concerning the economics and feeding aspects of
large dairy herds is paramount.

The need is becoming increasingly in

sistent, despite the progress which is being made by scientists in both
areas.

The problem of the dairyman of today is to select from the

storehouse of known technologies the most profitable way of producing
milk.

Economists (70) state that feed costs account for about 50 per

cent of the total cost of producing milk and thus a successful dairy
enterprise must entail better management and economical methods of
feeding.
In regard to the level of feeding duri ng

the lactation, most

studies h a v e shown that the quality and q ua ntity of roughage used
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affects the optimum level of grain feeding (67, 73).

However,

there

is ample evidence to show that when the quality of roughage fed is
kept fairly constant that the level of grain feeding will have a
marked effect on milk production, provided the cows have the in
herent capability to convert feed efficiently into milk (74).
It is difficult and,

in most cases,

inappropriate to make eco

nomic comparisons with reports in the literature since differences in
time and economic trends could result in erroneous conclusions.

There

fore most of the references made to previous work in relation to the
results of this study will be made in relative terms.

The milk-feed

price ratio is perhaps subject to the smallest degree of fluctuation
from year to year and would allow income over feed cost to be a more
reliable economic variable to be used for comparative purposes.
In discussing the economic aspects of this study it should be
pointed out that certain sources of variation were present that could
not be removed.

The very element of time itself is a factor in cli

mate variation which can be defined as a combination and integration
of the ceaselessly changing weather.

Minor changes were made in the

composition of the concentrate mixture used from one regime to
another.

The average genetic merit of the cattle has improved,

largely through the use of outstanding A.I. sires in the Holstein
and Jersey herds.

Statistical procedures were not available to appro

priately adjust for these sources of variation.
Some of the questions that need to be answered in choosing a
system of feeding are:
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a)

Will it result in a greater total yield of milk and milk
fat?

b)

Will it tend to smooth out seasonal fluctuations in milk
production?

c)

1.

Will it result in greater income over feed cost?

Averages and Variability for All Factors Studied
Averages for all variables (FCM production, grain, pasture,

total feed cost, gross income, and income over feed cost)

included in

the present study are given in Table 34 for the Holsteins and Table 35
for the Jersey cows on the respective feeding regimes.

Measures of

variation expressed as standard deviations and coefficients of varia
tion were determined for each variable by regimes.

The averages for

the factors included in the tables will be discussed individually in
subsequent sections.
An inspection of Table 34 (Holstein data) will reveal that the
highest values for all except two of the variables (pasture and total
feed cost) occurred in Regime III for the Holstein cows.

Expenditures

for pastures showed a drastic decline across regimes whereas total feed
cost increased sharply from Regime I to II and then dropped slightly
during Regime III.

It is of interest to examine the standard devia

tions and coefficients of variations for the variables throughout the
study.

In most cases,

the standard deviations were large, and the co

efficients of variability were found to range from a low of 9.16 to a
high of 37.06 per cent.

This high value was for pasture during Regime

III and it is not surprising since pasture was utilized for only 30
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Table 34.

Summary of the statistics for actual FCM yield and
selected economic measures for Holsteins by feeding
regimes on a cow-year basis

Variable

Statistic

FCM production (lb)

Average

Pasture

($)

Gross income

10,768

S.D.

1,596

1,113

1,791

C.V.

21.01

11.27

16.63

64.39

91.15

116.97

S.D.

15.05

14.87

25.89

C.V.

23.37

16.31

22.13

45.13

36.61

11.79

S.D.

7.29

3.85

4.37

C.V.

16.15

10.51

37.06

159.75

249.07

240.56

S.D.

18.39

20.34

31.03

C.V.

11.51

8.16

12.89

538.55

693.76

763.45

S.D.

113.66

115.94

127.13

C.V.

21.10

16.71

16.65

378.80

444.69

522.89

S.D.

97.22

82.24

130.98

C.V.

25.66

18.49

25.04

Average

($)

Income over feed cost

Average

($)

III

9,785

Average

Total feed ($)

Feeding Regime
II

7,596

Average

Grain ($)

I

Average

S.D. = standard deviation.
C.V. ■ coefficient of variation.
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Table 35.

Sumnary of the statistics for actual FCM yield and
selected economic measures for Jerseys by feeding
regimes on a cow-year basis

Variable

Statistic

FCM production (lb)

Average

Grain ($)

Pasture

($)

Total feed ($)

Gross income ($)

Income over feed cost

I

Feedins Reeime
II

III

6,075

8,185

7,567

S.D.

1,191

1,673

1,816

C.V.

19.60

20.43

23.99

54.16

81.31

85.72

S.D.

13.34

13.75

20.22

C.V.

24.63

16.91

23.58

46.88

37.18

12.74

S.D.

8.21

3.90

5.47

C.V.

17.52

10.48

42.93

150.21

242.41

207.21

S.D.

16.80

25.56

24.67

C.V.

11.18

10.54

11.90

430.72

580.32

536.65

S.D.

84.45

118.62

128.79

C.V.

19.60

20.44

23.99

280.51

337.91

329.43

S.D.

73.24

98.09

106.28

C.V.

26.11

29.02

32.26

Average

Average

Average

Average

Average

S.D. * standard deviation.
C.V. = coefficient of variation.
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days during the year throughout Regime III.

The 8.16 coefficient of

variation was for total feed cost during Regime II which seems to have
been the regime with the smallest degree of variability as indicated
by all coefficients.
Table 35 (Jersey data) presents averages and variability as d i s 
cussed above.

There were some differences in the variability of the

data for Jerseys as compared to that of the Holsteins.

Production of

FCM for the Jerseys was less variable in Regime I which would seem to
indicate that this low level of production (6,075 pounds) was indica
tive of a large number of the cows.
most variable under Regime III.

Gross income was found to be the

This is most likely due to the fact

that the genetic potential of the Jersey cows had already been reached
under the conditions of feeding established in Regime II.

2.

4 Per Cent Fat-corrected-milk
Cow-year averages for the production of 4 per cent fat-corrected-

m ilk are found in Table 36 for the Holstein and Jersey herds.

Average

Holstein production was 7,596, 9,785, and 10,768 pounds for Regime I,
II, and III, while the Jersey production was 6,075, 8,185, and 7,567
pounds,

respectively.

Reference is made to Table 24 where it is shown

that the milk fat percentage was at the lowest point for both breeds
during Regime III.

Therefore,

the FCM yield for Regime III was greatly

influenced by the milk fat percentage of both the Holsteins (3.28 per
cent) and the Jerseys

(5.07 per cent).

This low milk fat percentage

is not surprising since it has been previously reported that the fat

Table 36.

Regime

Cow-year averages for production, ration components, and income over feed cost by feeding
regimes for Holstein and Jersey cows

No.
of
cows

Avg.
cow
vears

A
Avg

11
.-

a&e
(mo)

.

2,
FCIt- Grain
(lb)

Silage

Hav

Soilage Pasture
($)

Total
feed

Gross
Income

Income
over
feed
cost

Holsteins
I

147

2.55

56.3

7,596

64.39

27.59

11.95

10.69

45.13

159.75

538.55

378.80

II

156

2.21

57.2

9,785

91.15

55.67

53.17

12.47

36.61

249.07

693.76

444.69

III

257

2.68

52.3

10,768

116.97

59.65

41.59

10.56

11.79

240.56

763.45

522.89

Jersevs
I

42

2.61

46.9

6,075

54.16

28.25

11.31

9.61

46.88

150.21

430.72

280.51

II

44

2.25

60.5

8,185

81.31

56.87

54.21

12.84

37.18

242.41

580.32

337.91

III

67

2.49

57.6

7,567

85.72

59.36

39.77

9.52

12.74

207.21

536.65

329.43

— ^Average age at calving in months*
^/Determined from actual milk production.
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percentage of the milk may be depressed if large quantities of the
energy needs are supplied with a grain mixture (62,
Ronning (125) and Hawkins et al.

125).

The work of

(62) obtained similar results to those

of this study when increased levels of grain were fed in the ration.
It is conceivable that if little change had occurred in the milk fat
percentage,

then the FCM yield would have been much greater than the

actual values obtained.
It is very difficult to make appropriate comparisons with the
milk yields obtained in this study and those of other investigations
because of different variables.

Turner (139) and Mather et al.

(100)

have shown upward and linear trends in milk response from three in
creasing levels of grain feeding which are quite compatible with the
results obtained in this study.
An inspection of Figure 2 is further evidence of the marked dif
ferences in the yield of 4 per cent fat-corrected-milk on an actual
cow-year basis between regimes for the Holstein and Jersey herds.
Values for this graphic arrangement were obtained from Table 36.

The

magnitude of differences between the two breeds remained fairly con
stant for the first two regimes.

The yield of milk by the Jersey cows

in Regime III remained at approximately the same level as that for
Regime II.

The most logical explanation for this situation has pre

viously been stressed in that the Jersey cows reached their maximum
genetic potential for productive performance during Regime II.

This

situation within the Jersey herd is shown in Appendix Table 5 where the
analysis of variance revealed highly significant (P < 0.01)

linear

11,500

6,900

4,600

Milk

production

(pounds)

9,200

9

2,300

3

Hoi. Jer.
Regime 1
2.

Hoi.
Regime

Jer.
III

Cow year yield of actual fat corrected milk (4%) as influenced by feeding regimes for all
Holsteins and Jerseys.
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Figure

Hoi. Jer.
Regime II

Ill
effects for FCM milk yield as well as significant ( P <
ratic effects.

This same table indicates that the Holstein cows had

highly significant (P < 0.01)
cance

3.

0.05) quad

linear effects on FCM with no signifi

for the quadratic effects.

Grain
The feeding of grain as a component of dairy cattle rations has

received more emphasis during the last decade as large numbers of
dairymen have modified their feeding programs to a drylot or confined
system.

The information concerning grain feeding of the Holstein and

Jersey herds in Table 36 demonstrates the effect of this trend.

Ho l 

stein cows showed grain costs of $64.39, $91.15, and $116.97 during
Regimes I, II, and III, respectively, irtiile the Jersey cows showed
grain costs of $54.16, $81.31, and $85.72 for the respective regimes.
The cost of grain would be expected to have a high relationship with
milk production since a grain to milk ratio was the basis for determin
ing the amount of grain to be fed.

However,

in Regime III, cows prior

to parturition were put on a challenge feeding program to the peak of
production and thereafter were fed liberal grain throughout the lacta
tion with special emphasis being placed on high producers.

Swanson and

Hinton (138) of Tennessee found that 307 pounds of grain plus roughage
during the dry period resulted in a 4 per cent increase in the first
210 days of lactation when compared to those cows that received no grain.
The results of these data are in general agreement with the Tennessee
study.
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It is of interest to transform the cost of grain into total
pounds of grain by the use of the price set forth in Table 21 which
gives the cost of grain to be $3.05 per cwt.
2,111,

The Holsteins consumed

2,989, and 3,835 pounds on Regimes I, II, and III, as compared

to 1,776, 2,665, and 2,810 pounds for the Jerseys.

Crowley (40) used

a figure of 3,200 pounds of grain for cows producing at the 12,000
pound level, while U. S. D. A. data (81)

for 1971 has established a

figure of 5,200 pounds of concentrates for the Holstein breed and
4,000 pounds for the Jersey breed.
A further analysis of Table 36 reveals that grain accounted for
40.30, 36.59, and 48.62 per cent of the total feed cost for the H o l 
steins in Regimes I, II, and III, respectively, and comparable values
for the Jerseys were 36.05, 33.54, and 41.36 per cent.

Thus,

the same

general trends were observed for both breeds with some exception noted
in Regime III where the Jersey cows were 7.26 per cent less in total
grain cost as compared to the Holsteins.

The explanation for this is

most likely due to a larger increase in milk yield by the Holsteins
vhich demanded more total grain since the challenge and lead feeding sys
tem of grain was in effect.

The percentage of the total cost of feed

due to grain is in general agreement with the figures of LeBlanc
where he reported a 1970 figure of 35.8 per cent.

(86)

King (81), in using

U.S.D.A. data, has reported the 1971

Holstein breed average at 57.3

cent of the total feed cost as grain

and a similar value of

cent for the Jersey breed average.
and perhaps can be attributed to the
which could be subject to error.

per

59.5 per

These figures seem somewhat high,
fact that they represent field

data
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The relationship between levels of grain feeding and milk fat
test has been previously discussed in the section dealing with FCM
production.

Table 24 reveals that the Holstein cows averaged 0.27 per

cent lower in milk fat percentage during Regime III as compared to the
highest fat percentage obtained in Regime II, while Jersey cows in Re
gime III averaged 0.16 per cent lower than the highest value obtained
in Regime I.

There is general agreement that a frequently encountered

problem resulting from heavy concentrate feeding is a depression of
the milk fat percentage (16, 21, 28).

Other workers (89, 114) have

demonstrated that the fat percentages may be depressed when approxi
mately 5.0 pounds of hay are fed daily as the only roughage, and the
balance of the energy needs are supplied through concentrates.

Thus,

the results of this study are in harmony with most of the research con
cerning the effect of feeding high grain and low roughage rations on
milk fat percentage.
The response to increased grain feeding has been shown to d e 
pend to a large extent on the production potential of the cows.

It is

not possible to make a blanket reconmendation as to what level is most
profitable as the relative costs of grain and hay, and the price re
ceived for the milk produced are also of great importance.

It seems

reasonable to consider that additional costs of handling extra grain
and extra milk might at least be covered by the decrease in roughage
used.

Thus,

if the price received for any extra milk produced is at

least as much as the cost of the extra grain fed,
feeding would be profitable.

then increased grain
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4.

Silage
The Holstein and Jersey herds were fed a limited amount of

silage during Regime I as indicated by an average expenditure of $27.59
and $28.25 for the Holstein and Jersey herds,
in Table 36.

respectively, as shown

The shift to a modified drylot type feeding program dur

ing Regime II saw much greater emphasis placed on silage or a stored
feeding system.

Silage cost for Regime II rose to $55.67 and $56.87

for the Holstein and Jerseys.

Table 13 reveals that the lactating

herds were fed silage throughout the entire year ranging from a low of
25 pounds to a high of 45 pounds per cow daily.

The dry cows were also

provided with liberal amounts of silage (25 to 30 pounds daily)

for

approximately 180 days.
The continued heavy use of silage in Regime III is noted in
Table 36.

Expenditures for silage were $59.65 and $60.28 for the H o l 

steins and Jerseys.

The rate of feeding was about the same as that for

Regime II with the exception of one month (December) when the daily
feeding rate was increased to 50 pounds per cow.
Some information is available in the literature concerning the
economics of silage feeding.

Wisconsin workers (6) have reported that

milk production per acre was greatest when a stored feeding system con
sisting primarily of silage was used.

Seath and Elliot (133) found

that feeding corn silage to Holstein and Jersey cows aided in prevent
ing the late summer decline in milk production.

Therefore,

it seems

most likely that a great deal of the increased production obtained dur
ing both Regime II and III could be attributed to the prevention of
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most of the so-called "summer slump" largely through the use of a
stored feed program that emphasized silage in the ration and placed
less emphasis on pasture as a source of forage,

thereby providing more

energy.

5.

Hajr
The hay feeding program of the Holstein and Jersey herds has

experienced a transition from one where little emphasis was placed on
quality and quantity hay feeding (Regime I) to one in which the feeding
of high quality alfalfa hay throughout the year was practiced (Regimes
II and III).

Lactating cows were fed grass hay during the winter

months at rates of 8 to 15 pounds daily during Regime I, while alfalfa
hay was utilized extensively throughout the year during Regime II and
fed at daily rates ranging from 5 to 9 pounds.

The practice of feed

ing alfalfa hay as the sole source of dry forage was continued during
Regime III at approximately the same rates as during the previous re
gime.

Dry cows were provided with minimum amounts of grass hay through

out all the regimes only during the winter months.
Table 36 itemizes expenditures for hay at $11.95, $53.17, and
$41.59 for the Holsteins on Regimes I, II, and III, respectively, and
$11.31, $54.21, and $39.77 for the Jerseys.

These values reveal that

the Holsteins were fed 1,848 pounds of alfalfa hay per cow-year while
the Jersey cows received 1,767 pounds during Regime III.

This is in

excess of the 5.0 pounds hay daily recommended by Loosli et al.
to prevent a depression in milk fat .percentage.

Therefore,

(89)

the depres

sion of milk fat percentage obtained in Regime III for both the
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Holstein and Jersey herds might be due not only to the Increased level
of grain feeding which reduces

the roughage to grain ratio, but also

to the increased milk production.

6.

Soilage
The practice of cutting green crops and feeding them in that

form has been called soiling crops, green chop feeding, and zero graz
ing.

Green chop feeding is most commonly used as a supplement to graz

ing at times when pastures are inadequate, or it can be used for drylot
feeding without pasture.

The cut chop requires only about two-thirds

as much acreage because there is no trampling of the forage and the
crop is usually cut at its greatest yield.

Reaves and Henderson (118)

have stated that cows will eat more total feed from good green crops
than from silage, and will produce slightly more milk.

These workers

also point out that problems can be experienced in the succession of
crops and the method of handling them, especially in feeding programs
depending heavily upon soilage as a feed for dairy cows.

Wisconsin

workers (6) in comparing three systems of feeding forage to dairy cows
in summer, ranked green feeding
strip grazing, or pasture, while

to cows in drylot

as being superior to

it was inferior to a stored feeding

program of hay and silage.
The amount of soilage fed
remained at about the same level

to the lactating

herds inthis study

across all three regimes. Little dif

ference is noted in the cost of soilage fed (Table 36) between the H o l 
steins and the Jerseys by regimes ranging from a low of $9.52 for the
Jerseys in Regime III to a high of $12.84 for Jerseys in Regime II.
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Rate of daily feeding of soilage as indicated in Tables 11 - 16,
ranged from 40 to 67 pounds.

Dry cows were not provided with any

soilage throughout the study excepts perhaps on rare occasions.

The

reason for the consistent and rather limited use of soilage is due to
the fact that only surplus spring clovers and grasses were the sources
and no efforts were made to plant and cultivate crops to be used for
soiling purposes.

7.

Pasture
The results of this study do not tend to dispute the statement

that large quantities of high-quality forages are important constitu
ents of the dairy ration (108).

Under the conditions of this research,

it is evident that pastures could not be depended upon as a source that
would consistently supply a major portion of the nutrients necessary
to maintain high economical levels of milk production.

This conclusion

is in accord with results reported by Branton (26) and Gross (57).
Several workers (1, 38, 109, 149) have found that pasture does offer
the dairyman his most economical source of feed.

Johnson et al.

(76)

conducted research under conditions similar to those in Regime I of
this study and their conclusion was that much of the "sunnier slump" in
milk production was attributed to the decline in nutritive value of
available forage rather than the direct effect of hot weather on the
cattle.
Pasture was heavily emphasized during Regime I for both Holstein
and Jersey cows and expenditures for pasture in the order of $45.13 and
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$46.88 will be noted for the two herds

(Table 36).

The work of Gross

(57) sunmarizes pasture utilization for conditions similar to this
study and he reported that it was possible to provide the cattle with
pasture grazing up to a maximum of 352 days during the year.

However,

he pointed out that the forage supplies were found to be sufficient
in quality and quantity to support good levels of milk production for
only 133 days or only 37 per cent of the time.
The value of pasture utilized for the cattle in Regime II was
reduced by about one-third as compared to that in Regime I.
contribution of pasture dur i ng this period was
pastures such as oats, Millet,
from good to very good

in the form of temporary

and Sudan w i t h quality scores ranging

(Table 13).

good sources of nutrients

The greater

These pastures seem to h a v e provided

to h e l p smooth out the seasonal fluctuations

in h e r d m i l k production and

tended to supplement the year-round

feed

ings of h a y and silage.

Table 15 summarizes the yearly forage feeding program on a daily
basis for Regime III.

It will be observed from these data that tem

porary pasture for a period of only 31 days was the only pasture uti
lized for the lactating herds.

The dry cows were placed on either

temporary pasture or permanent pasture throughout most of the year.
Therefore, due to very minor dependence upon pasture for the lactating
cows, pasture cost for the Holstein and Jersey cows dropped to a low of
$11.79 and $12.74,

respectively.

Since the highest levels of FCM pro

duction were obtained during Regime III for the Holsteins (10,768 pounds)
.id during Regime II for the Jerseys (8,185 pounds),

it is evident that
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the herds were underfed (energy)

in Regime I largely due to heavy em

phasis placed on pasture along with Insufficient feeding of grain.

8.

Total Feed Cost
Figure 3 prepared from data in Table 36 shows a graphic compari

son between total feed expenditures and income over feed cost for the
Holstein and Jersey cows by feeding regimes.

It will be noted that

total feed cost did not approach 50 per cent of the gross income in
either breed for any of the regimes.

The Jersey cows under Regime I

had a total feed cost of $150.21 which represented 34.87 per cent of
the gross income.

The Holstein cows under Regime III established a

total feed cost of $240.56 showing that only 31.50 per cent of the
total income was spent for feed.

It is of interest to note that total

feed costs for both the Holsteins and Jerseys show little difference
as indicated by $159.75 and $150.21 for Regime I, $249.07 and $242.41
for Regime II, and $240.56 and $207.21 for Regime III, respectively.
Dairy cows that have the genetic ability for high milk produc
tion need to be challenge fed in order that the cow abilities might
be realized.

As long as the dairyman obtains increased milk production

as a response to the increase in a variable expense such as total feed
cost, then income will increase since he is spreading his fixed cost
over more units of production.
Speicher and Lassiter (137) in Michigan have reported the average
feed cost per cow at $220 from data with production records ranging from
5,000 to 1,6000 pounds and a mean value of 11,345 pounds.
Speicher (30)

Brown and

found feed costs ranging from $250 for herds in which few

620.00

465.00

310.00

Gross

income

per

cov

year

(dollars)

775.00

155.00

Hoi. Jer.
Regime I
3.

Hoi.
Jer.
Regime III

Gross income as determined by total feed cost and income over feed cost for all
Holsteins and Jerseys by feeding regimes.
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replacements were raised to $593 for high-producing herds carrying more
replacements.

These workers also grouped herds on the basis of size

and found feed cost to range from $361 to $373.

The Dairy Herd Im

provement Letter (81) summarizes data from 18,697 Holstein and 1,151
Jersey herds for the 1971 test year and herds were grouped by level of
production.

Feed costs were found to range from $201 to $286 for the

Holsteins and from $177 to $230 for the Jersey herds.

Therefore,

the

data presented in Table 36 and illustrated in Figure 3 concerning total
feed cost are in fairly good accord with results reported by other re
searchers .

9.

Gross Income
Gross income defined as the total value of milk sold is a func

tion of milk yield and unit price in this study.

Since the unit price

($7.08/cwt) was held constant throughout the study,

the only variable

determining gross income was production of 4 per cent fat-correctedmilk.

The net result of this would be a high positive correlation b e 

tween FCM yield and gross income which would be an automatic-type
correlation and would not be of any value.

However,

these two values

are of major significance to the dairyman since their magnitude has a
great influence on profit.
Table 36 shows average cow-year gross income for the Holsteins
at $538.55, $693.76, and $763.45 for Regimes I, II, and III, respec
tively, and for Jersey cows $430.72, $580.32, and $536.65 for the same
comparable regimes.

Hie Jersey cows did not show the same order of

response to Regime III as did the Holsteins.

In fact, Jersey cows
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averaged $43.67 less in gross income during Regime III than the corre
sponding value for the second regime.

Production of FCM during the

last regime is shown in Figure 2 and it will be noted that the Jersey
cows did not maintain the average production established during Regime
II; however,

the gross income for Jerseys during the last regime was

in close relationship to FCM yield.

Figure 3 further elaborates on this

situation in the Jersey herd by showing that the combined value for feed
cost and income over feed cost (gross income) did not maintain the rate
of increase between Regimes II and III as that established between Re
gimes I and II.

Appendix Table 8 reveals that both the linear and quad

ratic effects of gross income were highly significant (P < 0.01)

for

both the Holstein and Jersey herds.
As has been previously stated,

it is not practical to compare

results found in the literature concerning gross income with those of
this study.

However,

it might be of some value to refer to Table 4

where the 1971 test year averages for Holsteins and Jerseys were sum
marized (81).

Average gross income was established at $774 and $620

for the Holstein and Jersey breed averages, respectively.

Thus,

the

results of this study for gross income for Holsteins ($763.45) are com
parable with those reported for the national averages during a period
of time closely related to Regime III.

However,

the Jersey value of

$536.65 is very much below the national breed average.

Turner (139) has

shown in a study conducted in Illinois that cows averaging around
14,000 pounds FCM had gross income values slightly in excess of $550.
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These values are somewhat lower than those reported in the current
study and can be explained as being due to time and price differences.

10.

Income Over Feed Cost
Figure 4 shows the change in the magnitude of income over feed

cost by feeding regimes for both breeds.

Information for plotting the

respective curves was obtained from Table 37 which presents the least
squares means.

The level of income over feed cost for the Holsteins

was $280.48, $337.90, and $329.42 for Regimes I, II, and III, respec
tively.

The least squares analysis of variance

shows highly significant (P<0.01)

(Appendix Table 8)

linear effects of feeding regimes

on income over feed cost for the Holsteins.

The quadratic effects were

found to be nonsignificant and the shape of the curve in Figure 4 is
in very good agreement with this.
Income over feed cost for the Jersey animals had somewhat of a
different relationship across feeding regimes as compared to the H o l 
steins.

The analysis of variance (Appendix Table 8) indicates signifi

cant ( P <0.05)

differences among feeding regimes for income over feed

cost with the linear effects being highly significant
with significant

( P<0.05)

quadratic effects.

(P<0.01) and

The path of the curve

shown in Figure 4 substantiates the linear and quadratic findings.
From an economic standpoint, Holstein cows in Regimes II and III
returned $65.89 and $144.09 more over feed cost than Holstein cows in
Regime I.

The Jersey cows increased income over feed cost by $57.40

for Regime II and $48.92 above the cost of feed for Regime III when
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Influence of feeding regime on income over feed cost for Holsteins and Jerseys as determined
by least squares procedures.
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Table 37.

Classi
fication

Least squares estimates for cow-year FCM yield and
selected economic variables

Number
cows

FCM
(lb)

Pas
ture

Grain

Total
feed

Gross
Income

Income over
feed
cost

Holsteins
9,364

90.95

31.18

216.63

665.24

448.64

I

-1,826

-26.22

13.95

-56.64

-126.69

-70.15

II

421

0.20

5.43

32.72

27.92

-4.68

III

1,405

26.02

- 19.38

23.93

98.77

74.83

Overall (m )

560

Regime

Jersevs
7,276

73.74

32.30

199.95

515.89

315.94

I

-1,201

-19.57

14.58

-49.73

-85.19

-35.45

II

909

7.57

4.88

42.46

64.43

21.97

III

292

11.99

- 19.47

7.27

20.76

13.49

Overall (P>)

153

Regime
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compared to the feed

cost and gross Income during Regime I.

reasonable to assume

that the return over

It

feed cost for cows in

is
Regime

III could not have been Increased by reducing the amount of grain fed
to a lower level without affecting milk production after the cows had
reached their peak of production.

A system of feeding grain to lac

tating cows known as challenge feeding was practiced throughout this
period which involves a heavy rate of grain feeding until the cow peaks
in production and then lead-feeding her downward as she advances in lac
tation (70) .
An inspection

of Table 38 shows the

distribution of cows on the

basis of income over

feedcost arranged by

intervals of $100 for the

three regimes.

As seen in this table, a total of 147, 156, and 257

records were made by Holstein cows in Regimes I, II. and III, respec
tively.

It will be noted that a base line has been placed across re

gimes at the beginning of the 400 to $499 interval in order that breed
and regime comparisons might be made.

It is revealing to see that

38.1, 68.6, and 88.3 per cent of the Holstein for Regimes I, II, and
III, respectively, exceeded $400 for income over feed cost.
A similar look at the Jersey herd shows that 4.8 per cent of the
cows in Regime I had income over feed cost above $400 while correspond
ing values for Regimes II and III were 27.3 and 23.9 per cent.

11.

General Discussion
A graphic summary of the economic relationship between the com

ponents of the ration across feeding regimes is presented in Figures 5
and 6 for the Holstein and Jersey cows,

respectively.

The relative
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Table 38.

Suxnnary of Income over feed cost for Holstein and Jersey
cows by intervals for the feeding regimes

Income over
feed cost
interval
(dollars)

I
Holstein

Feeding Regime
II
Jersey Holstein Jersey
/
V
'(no. cows

III
Holstein Jersey

1

<100.00

2

0

1

0

0

0

100.00 - 199.00

2

6

1

5

1

9

200.00 - 299.00

24

20

5

10

3

19

300.00 - 399.00

63

14

42

17

26

23

400.00 - 499.00

43

2

63

11

75

12

500.00 - 599.00

12

0

38

1

95

3

600.00 - 699.00

1

0

5

0

47

1

700.00 - 799.00

0

0

1

0

9

0

800.00 - 899.00

0

0

0

0

1

0

147

42

156

44

257

Total

67

125.00
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Influence of feeding regimes on the cost of different components in the ration of
Holstein cows.
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Influence of feeding regimes on the cost of different components in the ration of
Jersey cows.
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comparison between regimes for the Holsteins as well as the Jerseys Is
quite similar.

It is of interest to note the Inverse relationship b e 

tween grain and pasture utilization as the herds were maintained across
the feeding regimes.

The use of silage Increased sharply from Regime

I to Regime II and then dropped slightly during Regime III.

It should

also be pointed out that the hay provided for the cattle during Regime
I was largely grass hay as compared to alfalfa hay that was available
during Regimes II and III

The amount of soilage provided the herds

remained about constant throughout the entire period.
The interpretation of Figures 5 and 6 involves two evident situ
ations.

The first condition is that an Increase in total nutrient in

take occurred in changing from one regime to another for the Holstein
herd.

This observation is based on a step-like increase in the high

energy feeds such as grain.
a different pattern.

The Jersey herd has followed somewhat of

Most of the increase in nutrient intake for the

Jerseys took place from Regime I to the second regime vAiile the intake
in the third regime remained almost stabilized when compared to Regime
II.
The second situation that is apparent concerns the shift in ra
tion components from one period to another.

The amount of grain fed was

progressively increased from one regime to another especially in the
Holsteins.

Pasture utilization moved in the opposite direction compared

to grain in the third regime where both herds utilized very little pas
ture in the ration.

The feeding of hay followed a definite curvilinear

pattern with the largest amounts provided during Regime II.

Silage
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feeding was increased by regimes and as previously pointed out, both
hay and silage were fed throughout the year to lactating animals dur
ing Regimes II and III.

The only ration component that remained fairly

consistent across the feeding regimes was soilage.
Table 39 shows the distribution on a deviation basis from Regime
I for the components of the ration in terms of cost for Regimes II and
III.

The Holsteins and Jerseys both show the same general trends in

changes of cost of components.

The most drastic shift is a reduction

in pasture utilization on a cost basis from $45.13 to $11.79 in the
Holsteins and from $46.88 to $12.74 in the Jersey herds.

The U.S.D.A.

data (81) indicates that as the herd level of milk production increased,
there was a corresponding decrease in the importance of pasture in the
ration.

Dairy Herd Improvement records (81) show that in herds where

the level of production is under 7,500 pounds that pasture is utilized
for at least 177 days and 3,200 pounds of grain fed as compared to herds
at the 16,500 pound level where pasture was used for only 109 days and
6,400 pounds of grain fed.

Gross

(57) has pointed out that in the Gulf

Coast area it has been found that forage supplies from pasture were
only sufficient in quality and quantity to support good levels of milk
production for about 133 days of the year.
Some improvement in the average genetic merit for production has
probably occurred during the period of this study largely as a result
of using A.I. progeny tested sires with high predicted difference (PD)
values for milk yield.

No attempt was made to remove this source of

variation in the economic data.

Therefore,

to obtain an estimate of
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Table 39.

Feeding
Regimes

Deviation of ration components of Regimes u
from Regime I for Holsteins and Jerseys

Grain

Silage

Hav
..... <$)-—

and III

Soilage

Pasture

Total
Feed

Holsteins
I

64.39

27.59

11.95

10.69

45.13

159.75

II

+26.76

+28.08

+41.22

+1.78

-8.52

+89.32

III

+52.58

+32.06

+30.00

-0.13

-33.34

+80.81

Jersevs
I

54.16

28.25

11.31

9.61

46.88

150.21

II

+27.15

+28.62

+42.90

+3.23

-9.70

+92.20

III

+31.56

+31.11

+28.46

-0.09

-34.14

+57.00
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the economic differences with as much of the genetic change eliminated
as possible,

Table 40 was prepared which uses only the Holstein and

Jersey cows with herd-life in all three regimes.
Milk yield (FCM) has been transformed to mature equivalent
values so that age differences might largely be corrected (94).

All

variables depending upon milk yield for the rate of feeding were fed
according to mature equivalent production in this analysis.

It should

also be pointed out that since the 17 Holsteins and 7 Jersey cows re
mained in the herd long enough to be Included in all three regimes
makes them a rather highly selected group of animals.
Table 40 is in very good agreement with the data in Table 36,
'hich was based on the actual yield of milk, when relative comparisons
were made.

It is not surprising to note that in practically all cases

the magnitude of the variables considered for the cows in all three
regimes (Table 40) was greater than the corresponding ones for cows
within regimes (Table 36) because the Holsteins and Jerseys in all
three regimes represented a rather highly selected group.

Thus, on

the basis of this comparison it would appear that genetic change was
not a serious source of bias in these studies.
Table 41 shows the estimated requirements in Holstein animals
to produce 3,000 pounds of FCM daily by regimes as applicable to the
conditions of this study.

The cow-yield of actual FCM was established

at 7,596, 9,785, and 10,768 pounds for Regimes I, II, and III, respec
tively.

Therefore,

the corresponding average daily cow yields from

these averages were 20.8, 26.8, and 29.5 pounds for the three regimes.

Table

40.

Regime

Production, feed cost, and income data by breeds and feeding regimes on a cow-year basis for
cows performing in all three regimes (mature equivalent).
Avg. no.
of
cow-vears

FCM
(lb)

Grain

Silage

Hay

Soilage

Pasture

Total
feed

Gross
Income

Income
over
feed cost

.

(.*?)________
------

Holsteins (17 cows)
I

2.16

8,889

75.40

26.90

11.43

10.78

55.95

180.46

630.23

449.77

II

3.24

11,403

106.27

56.10

53.67

12.41

35.58

264.03

808.47

544.44

III

2.22

12,347

143.34

57.70

39.22

10.53

11.54

262.33

875.40

613.07

Jersevsi (7 cows)
I

2.44

7,457

65.25

27.46

11.97

12.68

52.66

170.02

528.70

358.68

II

3.31

9,495

89.08

56.27

53.32

12.78

35.61

247.06

673.20

426.14

III

2.93

9,337

101.12

57.84

38.84

11.36

10.98

220.14

661.99

441.85
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Table 41.

Estimated requirements in Holstein animals and statis
tics to produce 3,000 pounds FCM milk per day by feed
ing regimes

Statistic

I

Average cow-year yield

(lb)

Regime
II

III

7,596

9,785

10,768

20.8

26.8

29.5

56.26

57.24

52.33

Number of cows required

144

112

102

2/
Number of replacement stock—

144

112

102

Total number of stock required

288

224

204

Average yield/cow/day (lb)
Average age

(months)— ^

— ^Considered as average age at calving.
2/

— 'Arrived at by considering the value equal to the number of
lactating and dry cows.
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Calculations reveal that it would require 144, 112, and 102 cows in
the respective regimes to result in the production of 3,000 pounds
FCM daily.

It is of interest to also note that approximately the

same number of animals as those that are lactating and dry would be
necessary to maintain as replacement stock.
all ages up to the age at first calving.

This includes animals of

Thus,

it is apparent that a

total of 288, 224, and 204 animals would be needed for conditions simi
lar to those

of Regimes I, II, or III to produce

pounds daily

of 4 per cent fat-corrected-milk.

an average of 3,000

A further estimation of Table 41 could be made by using informa
tion contained in Table 36 where income over feed cost for the respec
tive regimes

on a cow-year average was shown to be $378.80,

$444.69,

and $522.89.

Total yearly income over feed cost can then be estimated

by using the number of cows required and calculating the resulting
value.

The total yearly income over feed cost estimated by the pro

cedures outlined above shows $44,547.20, $49,805.28, and $53,334.78
for conditions comparable to Regime I, II, and III, respectively.
Although not presented in the table,
would be less in Regime III.

the land and labor requirements

This further illustrates the efficiency

in a dairy enterprise under optimum environmental conditions.
The results that are apparent in this research indicate that
dairymen who are not giving each cow every reasonable opportunity to
perform according to her genetic capability and who are lowest-feedcost-oriented probably are experiencing low returns measured as income
above feed cost.

Too many dairymen today feel that the answer to the
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cost-price squeeze is to Increase cow numbers and decrease per-cow
costs.

The real goal of every dairy farmer should not be lowest cost,

but instead, should be maximum profit or net income which in reality
can best be expressed as income over feed cost.

V.

SUMMARY AND CONCLUSIONS

The primary purposes of this study were to assess the importance
of genotype-feeding regime interaction by the use of the same genotypes
across a series of feeding regimes

(environments) and to study the

relative economics of production under these feeding regimes.
The following regimes and corresponding time periods have been
apparent in the Louisiana State University Holstein and Jersey herds:
I) a largely pasture-oriented feeding program from 1955-1959; II) a
modified drylot and limited concentrate feeding program from 1959-1963;
and III) a modified drylot and challenge concentrate feeding program
from 1963-1969.

The study was partitioned into two areas which were

referred to as the genetic and economic sections.

The same data uti

lized in the genetic studies were available for the economic studies
as well as additional data that complied with the restrictions imposed
in this investigation.
The genetic investigations were made from 17 Holstein and 7
Jersey cows that had completed lactations in each of the three feeding
periods of the study accumulating a total of 108 and 49 records, re
spectively.

Some 59 Holsteins and 18 Jerseys were available for regime

combination

of I and II with 289 lactations for the Holsteins and 94

for the Jerseys.

Combination of Regimes II and III had 67 Holsteins

with 273 lactation records and 15 Jerseys that had completed 65 lac
tations.

Production variables included in this phase of the study
138
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were milk yield, milk fat production, and 4 per cent fat-correctedmilk (FCM) yield.

All values

tion and milk fat percentages
Averages

were equated to 2X-305-day M.E. produc
were determined for the various regimes.

for all of the traits investigated in the genetic study

were determined on a combination basis for the respective regimes.
Data for animals that were in the grouping of all three regimes was
somewhat limited and represented a rather select group of cows.

Vari

ations were noted between the regimes for all variables and the coeffi
cient of variation showed a small range of difference.

The most evident

variation was that of the Jersey cows in Regime III by failing to con
tinue an upward and linear response.

Averages for all of the traits

studied were presented for the Holstein and Jersey cows by combinations
of Regimes I, II, and III; I and II; and II and III.
Lactation milk yield (2X-305-day M.E.)
records in Regimes I, II, and III was 9,559,
respectively.

13,372, and 16,256 pounds,

Corresponding values for the Jersey cows were 6,467,

8,595, and 9,471 pounds.
Regime I - 325 pounds,
pounds.

for the Holstein cows with

Milk fat

Regime

yield of the Holstein cows was:

II - 475 pounds, and Regime III - 534

J e r s e y m i l k fat p r o duction for the respective regimes was 338,

443, and 480 pounds.

Milk fat percentages for both breeds was somewhat

de p ressed dur i n g the third regime.

Least squares means for milk yield (pounds of 4 per cent FCM)
for 17 Holsteins were 9,232,

12,592, and 14,508 on Regime I, II, and

III, respectively, and were highly significantly (P < 0.01) different.
The averages for seven Jerseys were 7,729,

10,254, and 10,807 pounds
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(P < 0.01), respectively.

A total of 59 Holstein cows averaged 9,710

and 12,216 pounds 4 per cent FCM (P < 0.01)
spectively.
(P < 0.01)

in Regimes I and II, re

Eighteen Jerseys averaged 7,851 and 9,911 pounds FCM
for the respective regimes.

Averages for 67 Holstein

cows were 12,774 and 14,062 pounds FCM (P < 0.01)
III, respectively.

in Regimes II and

Fifteen Jerseys averaged 9,991 and 10,421 pounds

FCM (P < 0.01), respectively.
The Holstein and Jersey data used in the genetic study were
analyzed by least squares procedures in order to test for level of
significance and estimate the importance of cow-regime (genotyperegime)

interaction.

Each set of data (Regimes I, II, and III; Re

gimes I and II; and Regimes II and III) was analyzed separately.

The

results of each of the analyses for the Holsteins and Jerseys where
milk,

fat, and FCM yields were used as variables did not approach sig

nificance for the interaction factor with one exception which was
Jersey milk yield under Regimes II and III where significance (P < 0.05)
was indicated.

The results of this study agree well with those re

ported in the literature where in most cases sire progeny have been
used to assess the importance of genotype-environmental interactions.
The economic study consisted of cow-year averages for the re
spective regimes.

A total of 147,

cow-years of 2.55,

2.21, and 2.68 for Regimes I, II, and III, respec

tively, comprised the data.

156, and 250 Holsteins with average

The number of Jersey cows used was 42, 44,

and 67 with 2.61, 2.25, and 2.49 average cow-years for the respective
regimes.
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Economic analyses were also computed across the three regimes
for the same 17 Holstein and 7 Jersey cows used in one of the genetic
analyses.

Variables considered in the economic investigation were

FCM, grain, silage, hay, soilage, pasture,
come, and income over feed cost.

total feed cost, gross in

The value of all variables was ex

pressed in terms of dollars with the exception of FCM which was
indicated in pounds.

A set of current prices for feed and milk at

the termination of the study

was

used as constants for the entire

period.
Cow-year means for FCM yield by feeding regimes were 7,596,
9,785, and 10,768 pounds for the Holsteins and 6,075, 8,185, and
7,567 pounds for the Jerseys and when analyzed statistically, showed
highly significant (P < 0.01) regime differences for both breeds.

Cost

of grain for Regimes I, II, and III was $64.39, $91.15, and $116.97
for the Holsteins and $54.16, $81.31, and $85.72 for the Jerseys,
spectively.

re

Analysis of variance for the cost of grain revealed

highly significant (P < 0.01)

regime differences for all cows.

The

cost of pasture showed a drastic reduction across regimes with expendi
tures of $45.13, $36.61, and $11.79 for the Holsteins, and $46.88,
$37.18, and $12.74 for the Jersey cows.

Regime pasture cost for each

of the breeds showed highly significant (P < 0.01) differences.

Total

feed cost for the regimes was most unique in that the maximum cost for
both breeds was reached during Regime II.

The respective values for

the Holsteins by regimes were $159.75, $249.07, and $240.56 and $150.21,
$242.41, and $207.21 for the Jerseys.
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Linear and quadratic effects were highly significant (P <
for total feed costs of both breeds.

0.01)

Results of the various feeding

regimes indicate that increased grain feeding coupled with reduced
pasture utilization resulted in greater milk production and conse
quently more income over feed cost.

This was most evident in the Hol 

steins where maximum income over feed cost reached $522.89 during Re
gime III while the Jersey cows averaged $337.91 during Regime II.
The results of this study indicate that animals with genetic
ability to produce need to be on a feeding program which will allow
the expression of their potential.

More emphasis needs to be placed

on higher levels of grain feeding and stored forages with less depend
ence on pastures of average quality and quantity in the feeding pro
gram.

As long as the dairyman obtains increased production worth more

than the increment of feed added,
sound.

the feeding program is economically
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Appendix Table 1
Instructions on Pasture Evaluation

1.

Kind of pasture - Give botanical composition of pasture, e.g.
Dallis grass, Bermuda grass and white clover.

State the approxi

mate percentages of each of the grasses and clovers in the pasture.
Give hours on pasture.
2.

Quantity of pasture* - The scores for surplus, adequate and defi
cient refer to the fact as to whether or not the cows can secure
a good fill in a reasonable grazing time.

3.

Quality scores** - More or less explanatory.
tion

Pay particular atten

to coarseness or stage of maturity and the succulence of the

p astures.
4.

Weather conditions - Record the amount of rainfall,

if any, each

day; whether clear, partly cloudy, or very cloudy, and maximum and
minimum air temperatures.
5.

Describe the supplement forage feeding program, e.g. 5 lb. Alyce
clover hay and 30 lb. grass silage per cow.

The quality of the

supplemental forages will be stated on a separate score card.

*21-30
11-20
0-10
**41-50
31-40
21-30
11-20
0-10

*
*
=
=
=
=
=
*

Surplus
Adequate
Deficient
Excellent -- excellent growth and succulent
Very good -- abundance of growth and luch
Good -- young and succulent growth
Fair -- some feed coarse and mature
Poor -- mostly coarse and mature.
No succulent feed.
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Appendix Table 2

Monthly Pasture Record for Lactating Herd
Month of____________________

PasDates ture

JI&i__
1
2
3
4

s
A
7

ft
Q

in
11
19
it

1L

1
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
r S n .

Kind of
Pasture

Year of_______

Qt.
Score

Qlt.
Score

Weather
Conditions

Supplements!
Forages Fed

Apendix Table 3
Yearly cow simmary of production, feed and income over feed cost

Cow No.

Month

Sire Code:

Days
in
Milk

Actual Prod.
Milk

Fat

Grain
fed
(lbs)

Date of last calving:

Silage fed (lbs)

Hav fed (lbs)

_____

Soilage fed (lbs)

Regime No.

Year^

Pasture

Citrus
Remarks

Corn

Sorghum

Oats

Alfalfa

Other

Legumes

Grasses

Leg and Gr.

Permanent

Temporary

Pu lp

J
F
M
A
M
J
J
A
S
0
N
D
Total

Feed cost:

Grain____________
Other

Silage
Tota 1

Hay___________
Income________

Soilage________
Income over feed

Pasture

Citrus pulp_
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Appendix Table 4
LIfatine cow rawiry of production, food, Incant
and Incone over feed coat
Ratine

Cow
No.

Cow
yre.

Page No.

FCM
Crain

Sllaga

Feed coat
Hay
Sollaga

Paature

Total

Croea
Inccan

Incana

r.%

coat
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Appendix Table

Source

5.

Analysis of variance for mature equivalent milk,
fat, and FCM of Holstelns and Jerseys in all
three feeding regimes

Degrees
of
freedom

Milk

M e a n squares
Fat

FCM

■Hglgtgjp
Cows
Regimes

16

1,412,857**

10,574**

8,212,592**

2

265,322,476**

252,855**

195,457,717**
375,315,768**

linear

1

526,214,269**

462,748**

q u a dratic

1

4,430,683NS

42,963**

15,599,667*

Cows x Regimes

32

1,784,301NS

2 ,597NS

1,478,74INS

Residual

57

2,540,727

3,642

2,333,814

Jersev
Cows

6

2 ,258,977NS

16,773**

6,248,774**

Regimes

2

24,643,584**

55,895**

30,623,413**

94,888**

53,346,620**

linear

1

44,691,630**

q u a dratic

1

4,595,538*

16,903*

Cows x Regimes

12

5 8 5 ,934NS

1.653NS

Residua 1

28

958,864

2,986

★Significant at 57. level of probability.
★★Significant at 1% level of probability.
NS ■ Not significant.

7,900,207*
770,647NS
1,387,298
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Appendix Table

Source

6.

Analysis of variance for mature equivalent milk,
fat, and FCM of Holsteins and Jerseys in Feeding
Regimes I and II

Degrees
of
freedom

M e a n squares
Fat

FCM

671,909**

322,487,858**

36,364,529NS

2.559NS

13,816,881NS

44,453,594

3,298

27,399,505

Milk

Holstein
Regimes
Cows x Regimes
Residual

1
58
171

190,783,827*

Jersev

17

4,638,495**

11,415**

5,410,744**

1

64,301,591**

125,334**

76,069,899**

Cowa x Regimes

17

1,230,498NS

3,216NS

1,576,1*+9NS

Residual

58

995,802

2,942

1,612,783

Cows
Regimes

★Significant at 5% level of probability.
★★Significant at 1% level of probability.
NS = Not significant.
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Appendix Table

Source

7.

Analysis of variance for mature equivalent milk,
fat, and FCM of Holsteins and Jerseys in feeding
Regimes II and III

Degrees
of
freedom

Milk

M e a n squares
Fat

FCM

Holstein
Regimes
Cows x Regimes

•Residual

1

229,731,099**

50,902**

87,211,025**

66

2,110,022NS

2.991NS

1,827,323NS

2,932,989

3,661

2,380,886

139

Jersev
Cows
R egimes

14

3,850,276**

10,854**

4,620,185**

1

10,303,523**

2,070NS

2,383,717NS

2.369NS

1,119,224NS

C o w s x Regimes

14

1,014,391*

Resid u a l

35

504,156

♦Significant at 5% level of probability.
**Significant at 1% level of probability.
NS “ Not significant.

2,020

957,935

Appendix Table

Source

8.

Analysis of variance for production, feed cost, and income of Holsteins and Jerseys
on a cow-year basis

Degrees
of
freedom

Mean squares
FCM

Pasture

Grain

Total feed

Gross
Income

Income over
feed cost

Holsteins
Regimes

2

489,921,630**

130,184**

61,010**

385,220**

2,383,907**

1,023,090**

linear

1

935,920,136**

260,358**

114,714**

505,337**

4,574,707**

2,040,762**

quadratic

1

43,923,125**

IONS

7,307**

265,103**

193,107**

5,418NS

Residual

557

2,956,039

27

409

545

14,529

10,020

Jersevs
Regimes

2

51,062,439**

13,796**

16,940**

93,144**

256,795**

42,631*

linear

1

44,710,769**

23,610**

32,224**

61,117**

225,434**

51,763**

quadratic

1

57,414,110**

3,982**

1,656**

125,172**

288,148**

33,499*

264

35

Residual

150

2,641,276

^Significant at 5% level of probability.
**Significant at 1% level of probability.
NS = Not significant.

532

13,282

9,194
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